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SUMMARY! 


The  studies  were  conducted  originally  aiming  to  invest¬ 
igate  the  effects  of  air  pollution  among  Japanese  civilian 
population.  The  pulmonary  function  studies  and  the  clinical 
observation  on  the  Japanese  population  in  Tokyo-Yokohama 
area  were  included. 

The  pulmonary  function  studies  included: 

a.  the  assessment  of  the  spirometry  and  the  mechanics  of 
breathing  repeatedly  done  on  the  limited  population. 

b. che  baseline  studies  on  the  routine  pulmonary  function 
tests. 

c. some  fundamental  observations  of  the  airway  resistance, 
the  AaD  and  of  CO  pulmonary  diffusing  capacity  on  the  cases 
of  normal  healthy  as  well  as  of  chronic  pulmonary  diseases. 

d.  effects  of  bronchodllator  and  of  cigarette  smoking  on 
the  ventilatory  capacity  and  on  the  alveolar  gas  exchange. 

The  year-round  clinical  observations  were  performed 
on  the  population  with  regard  to  the  incidence  of 
bronchitics  and  the  correlation  of  this  incidence  with  the 
cigarette  smoking  habit. 

In  conclusion  we  were  able  to  establish  the  diagnostic 
criteria  for  the  pulmonary  function  studies  to  be  done  on 
Japanese  population.  We  were  also  able  to  emphasize  the 
physiological  significance  of  AaD,  especially  of  tee 
arterial (or  urinary )alveolar  nitrogen  tension  difference, 
to  evalu :  se  the  impaired  alveolar  gas  exchange  due  to  air 
pollution  ^ronchlcls. 

On  the  clinical  observation  we  observed  signlf icantly 
higher  incidence  of  bx’onchitlc  patients  during  the 
winter  season.  We  were  not  able  to  confirm  the  relation 
of  this  higher  incidence  with  the  cigarette  smoking  habit. 
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I. PURPOSE  OF  THE  STUDY: 

Since  Col.Eueber  et  al.  described  the  sudden  endemic 
incidence  of  the  asthmatic  episode  among  U.S. military 
personnel  stationed  in  Yokohama  area, Japan  in  195^  the 
attention  was  focused  upon  these  clinical  symptoms  of 
nocturnal,  dyspnea  with  wheezing  as  well  as  their  pulmonary 
function  impairment.  Observation  on  the  pulmonary 
physiology  was  continued  at  the  U.S. Army  Hospital  at  Zamar 
Kanagawa, Japan.  Some  epidemiological  analysis  was  also 
done  in  parallel  to  the  clinical-  and  the  experimental 
observations.  But  many  Japanese  chest  physicians  did  not 
even  interested  upon  this  kind  of  asthmatic  patients  among 
Japanese  inhabitants  living  in  this  air-polluted  Tokyo - 
Yokohama  area.  The  chest  physicians  did  not  noticed  or 
they  were  rather  suspicious  on  the  existence  of  this 
peculiar  chest  diseases. 

Continuous  clinical  investigations  were  done  by 
the  U.S. Army  Medical  Corps  on  this  particular  diseases  for 
years  and  the  etiology  of  this  peculiar  symptoms  was 
assumed  to  be  the  air  pollution  in  this  Tokyo-Yokohama 
area, Japan.  Recently  the  incidence  of  this  peculiar 
disease  decreased  yaar-by-year  and  any  acceptable 
explanations  on  this  decreased  Incidence  is  not  yet  given 
definitely. 

In  the  recent  few  years  the  clinical  interests  on  the 
airoorne  pulmonary  diseases  among  Japanese  inhabitants  were 
stimulated  and  also  the  incidence  of  airborne  bronchitis  in 
this  Tokyo -Yokohama  area  was  reported  to  be  increased. 

This  present  study  was  originally  planned  to  make 
intensive  analysis  on  the  clinical  respiratory  physiology 
among  Japanese  population  in  Tokyo-Yokohama  area  to  allow 
one  making  comparison  of  the  effects  of  air-pollution 
between  the  American-  and  the  Japanese  populations. 

The  problems  we  were  concerned  with  were:  1)  to  conduct 
the  baseline  studies  of  pulmonary  functions  on  the  Japanese 
population,  2)  to  establish  the  most  appropriate  method 
for  evaluating  the  pulmonary  function  impairment  due  to 
air  pollution,  3)  to  make  any  year-round  clinical  observations 
upon  the  limited  population  of  Japanese  inhabitants  and  k) 
to  make  it  clear  whether  or  not  the  patients,  who  reveals 
similar  symptoms  with  Tokyo-Yokohama  asthma  seen  among 
U.S. military  personnel,  are  really  existed  in  the  Japanese 
civilian  population. 


rhe  so-called  diffuse  obstructive  pulmonary  diseases 
may  be  characterized  by  the  clinical  findings  as  well  as 
its  splrographic  changes  accompanied  by  the  depressed 
FEVIJf.  We  were  rather  suspicious  on  the  physiological 
appropriateness  to  take  FE71J&  as  a  parameter  to  detect 
the  airway  obstruction  seen  in  cases  with  airborne 
bronchitis. 

We  were  also  interested  in  the  low  arterial  02  satura¬ 
tion  observed  by  Lt.Col.Fnelps(retired)  on  this  particular 
patients  with  Tokyo-Yokohama  asthma.  This  low  arterial  02 
saturation  suggested  us  the  increased  venous  ad ...  :ture-like 
effects  probably  due  to  the  uneven  ventilation-pe  rfusicn 
ratio  distribution.  The  fact  suggested  us  making  new 
approach  to  evaluate  the  impaired  respiratory  physiology 
in  the  airborne  pulmonary  diseases  with  the  measurements 
of  arterial (or  urinary)  alveolar  nitrogen  tension  difference. 

The  present  paper  is  consisted  of  three  major  parts, 
namely (1)  studies  to  establish  any  sensitive,reliable 
methods  for  detecting  the  pulmonary  function  impairment 
due  to  the  airborne  pulmonary  diseases, (2)  some  baseline 
studies  on  the  routine  pulmonary  functions  In  Japanese 
civilian  population,  and  (3)  some  clinical  observations  on 
the  Japanese  civilian  population  in  the  air-polluted  area 
of  Tokyo  and  Yokohama. 


2.  REPRODUCIBILITY  OF  THE  SPIROGRAPHIC  TEST'S; 
a. PURPOSE  OF  THE  STUDY: 

For  the  diagnostic  purposes  it  is  necessary  to  establish 
the  normal  limits  on  every  parameters  of  the  lung  volumes  and 
of  the  ventilatory  capacity.  The  statistically  obtained 
rejection  limit  was  considered  rather  essential  than  the 
mathematical  mean  of  the  data  on  the  normal  healthy  for  the 
diagnostic  purposes.  Many  investigators  have  already  given 
various  regression  equations  for  the  mathematical  mean 
for  the  normal  healthy.  But  very  few  has  referred  to  the 
statistically  treated  data  for  the  rejection  limits  of  normal 
values.  We  have  done  some  statistical  analysis  through 
the  two  different  approaches.  One  of  them  was  to  make 
splrography  repeatedly  on  the  limited  cooperative 
subjects  and  the  other  appraoch  was  done  by  making  splro¬ 
graphy  upon  the  unlimited  population  of  "heal thy "sub jects. 


b. METHODS  AND  SUBJECTS: 

The  experiments  were  performed  to  examine  the  reprodu 
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cibility  of  the  routine  spirography  repeatedly  performed  on 
the  limited  subjects.  The  spirography  was  done  on  the 
cooperative  volunteers  on  the  standing  position  with  the 
respirameter  of  13.5B  Benedict-Roth  type. 

for  the  subjects  six  medical  doctors,  who  have 
enough  experience  in  the  pulmonary  function  tests,  12 
medical  students  and  12  cooperative  patients  accompanied 
by  chronic  diffuse  pulmonary  diseases (Table  1).  Except 
for  the  doctors  served  as  the  subjects  they  were  not  informed 
on  the  purpose  of  the  experiments. 

On  the  doctors  ten  repeated  spirography  was  performed 
with  intervals,  which  were  assumed  sufficient  to 
recover  from  the  preceeding  spirography,  in  one  day  and  the 
same  tests  were  continued  on  every  successive  six  days. 

On  every  medical  students  ten  spirography  was  repeated  in 
one  day  and  on  every  chest  patients  five  spirography  were 
made  successively  with  sufficient  intervals.  Thus  600 
spirograms  were  taken  on  the  six  doctors, 120  on  the  twelve 
medical  students  and  60  on  the  twelve  chest  patients. 

The  parameters  were  represented  by  percentage  for 
the  correspondirg predicted  values  if  it  is  necessary. 

The  mathematical  mean  were  calculated  to  compare 
the  spirographlc  parameters  regardless  with  the  difference 
of  each  individual  difference  in  the  physical 
constitution. 

Some  preliminary  tests  were  made.  The  effect  of  various 
factors  or  conditions  on  the  spirography  was  preliminarily 
studied.  The  spirography  was  done  30  minutes  and  one 
hour  after  meal  as  well  as  prior  to  eat.  The  vital  capacity, 
FEV1#  and  MW  were  shown  in  table  2  indicating  the  temporary 
decrease  in  vital  capacity.  This  decrease  in  vital  capacity 
seemed  consistent  although  this  decrease  was  only  approxima¬ 
tely  200  ml.  This  decrease  in  vital  capacity  was  observed 
in  every  five  Independent  observations.  Either  FEVl^  or 
MW  did  not  changed  significantly. 

The  vital  capacity  is  said  to  decrease  during  sleeping 
and  this  change  was  explained  by  the  probable  formation 
of  collapsed  alveoli.  We  have  measured  the  spirographlc 
characteristics  right  after  waked  up  and  after  dally 
activities.  The  subjects  were  requested  neither  to  take 
any  deep  breath  nor  to  make  any  thigh  before  the  spirogram 
was  taken  early  In  the  morning.  By  comparing  tm,se  couples 
of  spirographlc  data  we  found  slight  decrease  in  vital 
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Bfoup  or  ;  tpirogrophy 
subjects  par  parson 

[MO*  doctors 

too 

6 

600 

1 

MflQgZQ 

to 

12 

120 

[QyQQQQf 

5 

1  2 

— 

60 

®etol*  X.  The  subjects  for  the  study 


EFFECTS  OF  SLEEPING 


right  after 
awakening 

after 

daily  activities 

V  C  (L) 

3.8  4 

3.9  9 

FE  V,V. 

9  5.1 

9  4.3 

MVV(L/m  ;„) 

1  59 

SUBJECT  K.N. 


Table  2.  The  effeots  of  sleeping  on  the 
spirogrephlo  data 

(*) 


EFFECTS  OF  EATING 


— 

30  min.  after 

1  hr.  after 

ea  ting 

eating 

VC  (L) 

3. a  2 

4.0  4 

FE  V,m) 

9  0.4 

9  3.3 

MVV(L.W 

2  1  5 

i— 

2  1  6 

subject:  k,n, 


Table  3«  The  aplrographlo  changes  before  and 
after  eating. 


STANDARD  DEVIATION 


no  cf  tests  ! 

doctors 

n^600 

- r.~  ~  - - 

students  |  patients 

n  *  1 20  n  *  60 

V  C 

1 

i 

2.30 

2  4  2  ’  6.4  5 

| 

i 

-  -  —  •  -  4  -• 

FEVt 

2  29 

304  ;  542 

j  , 

F  E  V  t  % 

f 

i 

i 

2  35 

2-9  0  |  6.7  4 

- 

1 

• 

-  -I  . - 

MM  F 

> 

1 

i 

5.76 

6  4  5  j  0.91 

— 

. f  ■  -  ■  • 

M  V  V 

1 

6  5ft 

7.2  1  |9  11 

_L 

— 

_ L 

Table  4.  The  standard  deviation  of  the 
spirographlc  data  oollected  on  the 
Halted  population*  of  subjects. 


capacity  right  after  sleeping  although  it  was  not  statisti¬ 
cally  consistent.  The  effects  of  cigarette-smoking  will 
be  discussed  elsewhere.  Thus  we  asked  the  subjects 
neither  to  smoke  cigarettes  nor  to  eat  at  least  30 
minutes  prior  to  the  tests.  We  also  avoided  to  make  tests 
early  in  the  morning  and  asked  the  subjects  to  take  deep 
breath  prior  to  the  spirography. 

c. RESULTS; 

Taking  percent  deviation  from  the  mathematical  mean 
the  frequency  distribution  curves  were  drawn  on  vital  capa¬ 
city,  F3V1,FEV1$,KMF  and  on  MW(Figi.res  1,213,4. and  5). 

These  frequency  distribution  for  each  parameters  revealed 
normal  distribution  with  the  standard  deviation  of  various 
dimensions.  The  vital  canacity ,* EV1  and  F37i$  demonstrated 
►  distribution  accompanied  by  any  smaller  standard  deviation 

*  while  MMF  and  MW  had  larger  standard  deviations.  In 
Table  4  we  have  summarized  the  standard  deviations  on 
these  five  parameters  obtained  on  these  three  different 
groups  of  subjects.  Basing  upon  these  data  obtained 

on  the  repeated  spirography  the  statistical  analysis 
enabled  us  to  calculate  the  95$  confidence  interval  for 
the  mean  on  each  parameters. 

Ten  repeated  spirographtfS^as  dons  on  the  1?.  healthy 
volunteer  medical  students,  who  were  sufficiently 
cooperative  but  not  experienced  in  the  tests,  with  suffici¬ 
ent  intervals  of  five  to  ten  minutes. 

We  have  picked  up  at -randomly  the  three,  five  or  ten 
spirograms  taken  on  each  students  to  calculate  the  95$ 
confidence  intervals  for  the  mean, 

* 

In  the  Table  5  these  confidence  intervals  on  vital 
capacity, FEV1,F£V1$, MMF  and  MW  were  indicated. 

Numbers  of  tests  referred  to  in  the  table  designates  the 
numbers  of  spirograms  picked  up  out  of  a  set  of  ten 
spirograms  taken  successively  on  an  subject.  The  95$ 
confidence  Interval  was  significantly  smaller  when  the 
numbers  of  spirograms  were  increased,  '.'hen  the  spiro¬ 
graphy  was  repeated  less  than  three  timed  the  confidence 
interval  came  out  appreciably  large.  As  one  can  expect 
from  the  standard  deviation  already  referred  to.  the  95$ 
confidence  intervals  for  vital  capacity, FEV1  and  FEV1$ 
were  consistently  smaller  tnan  those  for  MMF  anc.  I.W. 

The  same  statistical  analysis  was  perform-!  on 
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Fig.l.  The  frequency  distribution  of  the  vital 
capacity  on  600  spirograph?. 


FREQUENCY  DISTRIBUTION  ON  ‘/.DEVIATION 


Fig. 2.  The  frequenoy  distribution  of  FfVlA 
an  600  spirograph?. 
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FREQUENCY  DfSTRBUTUN  ON  %  DEVIATION 


Flg.3.  The  frequency  distribution  of  FBY1 
on  600  splrography. 


FREQUENCY  DISTRIBUTION  ON  %  DEVIATION 
MMF 


Pig, 4,  The  frequency  distribution  of  MRP 
on  600  splrography. 
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groups  of  the  medical  doctors  and  of  the  chest  patients. 

Data  obtained  were  summarized  in  Tables  band  ?•  One  can 
compare  the  95#  confidence  interval  calculated  on  the  same 
numbers  of  spirograms  on  three  different  groups  of 
independent  subjects.  The  best  reproducibility  for  every 
parameters  was  obtained  on  the  group  of  experienced  medical 
doctors  while  the  most  poor  results  were  obtained  on  the 
group  of  chest  patients(Figs.o,7,8,9  and  10),  This 
suggested  us  the  contribution  of  either  the  subjects' 
technical  skill  or  their  cooperation  to  be  related  to 
the  results.  The  difference  of  the  95#  confidence 
Intervals  for  the  mean  obtained  on  the  doctors  with  those 
on  the  chest  patients  was  significant  with  regard  to  most 
of  the  parameters  except  for  the  vital  capacity.  The  diff¬ 
erence  in  the  95#  confidence  intervals  for  every  parameters 
was  not  consistent  enough  between  the  medical  doctors  and 
the  medical  students. 

For  the  convenience's  sake  this  95#  confidence  Intervals 
,«hich  were  previously  represented  by  the  percentage  for 
the  mean, were  converted  into  the  equivalent  real  figures, 
which  may  appear  on  the  average  Japanese  young  adult  with 
the  standard  physical  constitution (TablesS  and  9). 

In  practice  it  would  be  much  helpful  to  realize  the  dimen¬ 
sions  of  the  reproducibility  by  representing  the  95#  confi¬ 
dence  intervals  on  the  real  figures  rather  than  on  the 
percentage.  Out  of  600  spirograms  obtained  on  each  six 
doctors  or  out  of  120  spirograms  on  twelve  medical  students 
three,  five  or  ten  spirograms  were  picked  up  at  random 
to  calculate  she  95#  confidence  intervals  on  the  correspond¬ 
ing  groups  of  the  spirogram.  In  those  tables  were  shown 
the  mean  of  these  95#  confidence  intervals,  which  of 
course  revealed  the  same  tendency  as  being  found  in  the 
percent  deviation  on  these  parameters. 

The  95#  confidence  intervals  calculated  on  the  at- 
randomly  selected  spirograms  were  shewn,  When  the  numbers 
of  spirograms  increased  one  can  expect  the  95#  confidence 
intervals  become  smaller.  The  vital  capacity  and  the  FEV1 
on  the  at-randomly  selected  three  spirograms  revealed 
the  confidence  Intervals  of  approximately  300  ml.  These 
confidence  intervals  decreased  to  approximately  120  ml 
when  we  took  ton  spirograms.  On  FEV1#  95#  confidence 
Intervals  was  found  6.3#  for  three  spirograms,  3*2#  for 
five  spirograms  and  1.5#  for  ten  spirograms.  The  95# 
confidence  intervals  for  MMF  n?id  KW  revealed  larger 
values  as  compared  with  those  for  other  parameters. 
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Fl<4o5«  The  frequency  distribution  of  HW 
on  600  splrography. 


95V.  CONFIDENCE  INTERVALS  ON  '/.DEVIATION 
10  REPEAT©  TESTS  ON  EACH  12  STU0ENT5 


no  of  t.*t»  j 

r  *  3 

r— — ~ — ! 
i  n  *  5 

n  1 10 

— *  -  -  -  -  - 

V  C 

U.7 

'  6,  i 

■ 

3.4 

FEV, 

'  17.6 

|  S.8 

...  .  1 

1  . 

I 

- 

FE  V,% 

!  15.2 

:  78 

3.5 

WMF 

j  JIT' 

15.2  ! 

9.2 

M  V  V 

f 

10.0 

10  3 

1  ■  _ , 

Table  5.  95%  confidence  Intervale  calculated 
on  10  repeated  tents  on  each  l?  students. 
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m  CONFIDENCE  INTERVALS  ON  V.OEVMDON 

RANDOM  SAMPLES  FROM  100  TESTS 
ON  EACH  6  DOCTORS 


no.of  tests 

fln3 

n  ■  5 

n*10 

V  C 

7.5 

4.4 

3.3 

FEV, 

7.9 

4.6 

2.9 

FEV,% 

9.2 

6.0 

5 JO 

MHF 

27.2 

14.2 

7.6 

MW 

26.7 

16.6 

8.6 

?«4>le  6.  95 *  oonf ldsnce  intervals  calculated 
on  100  spirograms  on  eaoh  6  doctors. 


95%  CONFIDENCE  INTERVALS  ON  7.DEVMH0N 

THE  AVERAGE  FOR  12  SERES 
CHEST  PATIENTS 


no.of  teats 

n  ■  3 

SPS 

V  c 

1  2.7 

FEV, 

22.0 

r».5"i 

-  i - - 

FEV,% 

2a8  !  18.8 

— - - - 

- j - 

M  M  F 

40.1 

22.6  ' 

M  V  V  ]  3  34)  [  21.6  | 

Table  7.95*  confidence  Intervals  calculated 
on  ohast  patients. 
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95%  QONFBENCE  INTERVALS  ON  %DEVWnON 
F  E  Vt% 
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Fig. 9.  95*  oonfidenoe  Intervals  for  HKF 
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95V. CONFIDENCE  INTERVALS  ON  ‘/.DEVIATION 


no  nf  tsut* 


Fig. 10.  95 %  confidence  Intervals  for  MVV 


95V.  CONFIDENCE  INTER  VAIS  FOR  THE  MEAN 

RANDOM  SAMPLES  FROM  100  TESTS 
ON  EACH  6  DOCTORS 

4  > 

4  »' 


no  of  fast? 

o  =  3 

r  -  c. 

V  C  ID 

0  3  0 

(i.lH 

■•1  ' 

F  f  V,iL>5»’.!' 

;) .  i  <i 

0-17 

an 

F  F  V,  '/dM 

7.  S 

l  .!» 

U  .! 

M  M  F  { !  1 1 

1.  ?  ? 

i  h  * 

.1 . 

M  V  V  ( 'w  **'<■' )  ■ 

\  t 

1  13 

10 

Table  9.  9r,%  confidence  intervals  for  the 
calculated  on  six  doctors. 
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mean 


95 7#  CONFIDENCE  INTERVALS  FOR  THE  MEAN 
10  REPEATED  TEST50NEACH12  STUDENTS 


no.  of  tests 

ft  *  3 

ft  «  5 

ft  »10 

V  C  tl) 

0.59 

0.24 

0.14 

FEVrfLM 

0.65 

0.25 

0.15  . 

FE  Vt% 

12.5 

6.4 

2.9 

MMF  (Uk) 

1.59 

0.68 

0.41 

MW  l\Jm*) 

37 

21 

_ 

1  2 

9.  95JS  confidence  Intervals  for  the  mean 
oaXoalatod  on  12  aedloal  students. 


95 7«  CONFIDENCE  INTERVALS  ON  7#  DEVIATION 

5  TESTS  IN  EACH  12  SERIES 
6  MEDICAL  DOCTORS 


no.  of  taste 

n  *  S 

V  C 

5.6 

F  E  V, 

4.  5 

F  E  V,*/.  j 

6  .1 

MMF 

.  | 

11.2 

L_MVV  i 

JIM 

Table  x  >.  95#  confidence  Intervals  Tor  %  devi¬ 
ation  oaloulated  on  six  aedloal  dootors. 
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Pig.  11.  Confidence  interval.'--  mi  %  deviation 
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GRAPHIC  NOT  REPRODUCIBLE 


d. CONCLUSIVE  COMMENTS : 


Through  the  over-mentioned  experimental  analysis  on 
the  repeated  spirography  we  may  be  able  to  conclude  the 
experiments  by  the  following  comments. 

1)  By  some  statistical  analysis  the  reproducibility 
for  the  spirography  were  established. 

2 )  The  95$  conf ldence  intervals  on  the  $VC  and  on 
F3V1$  were  consistently  smaller  than  those  on  MMF  and  on 
$MW. 


3 )  The  95$  conf idence  intervals  for  the  mean  on  the 
most  spirograpnic  parameters  obtained  on  the  experienced 
doctors  were  found  consistently  smaller  than  those  for  the 
cooperative  medical  students.  The  most  poor  reproduci¬ 
bility  was  found  on  the  chest  patients  although  they 

were  cooperative  enough. 

4)  With  regard  to  the  confidence  intervals  the  $VC 
and  FEV1$  was  found  to  be  the  best  combination  as  for 
the  routine  diagnostic  parameters  on  the  ventilatory 
functions. 

5)  To  detect  any  obstructive  changes  routinely 

FEV1$  may  be  used  although  it  is  not  very  sensitive  enough. 
Upon  giving  diagnosis  by  FEV1$  the  lower  rejection  limit 
Instead  of  the  mathematical  mean  for  the  normal  healthy 
should  be  used.  The  5$  lower  rejection  limit  might  be 
lower  than  70$  on  the  aged  (  The  detailed  data  will  be 
shown  elsewhere). 


1?  THE  PULMONARY  FUNCTION  SURVEY  ON  THE  UNLIMITED  POPULATION 
OF  JAPANESE  CxVILLIAN: 


a. PURPOSE  CF  THE  STUDY: 

A  baseline  study  cn  the  ventilatory  functions  among 
Japanese  civilian  population  in  Tokyo-Yokohama  area  was 
done  at  Keio  University  Hospital.  This  series  of  studies 
were  expected  to  ,'ive  ur  some  diagnostic  criteria  on 
their  ventilatory  function  tests.  Wf>  aimed  to  demonstrate 
the  normal  limits  of  ventilatory  functions  nr  well  as  to 
visualize  the  scattered  distribution  oi  the  so-called 
normal  values,  which  usually  arc  referred  only  by  the  mathema 
tical  moan.  Wo  were  especially  concerns. I  on  the  random 
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difference  of  the  measured  valuer  obtained  on  different 
healthy  subjects, 

b,  METHODS: 

The  routine  pulmonary  function  tests  including  the 
lung  volume  study  as  well  as  the  ventilatory  capacity 
tests  were  done  on  the  Japanese  volunteer  subjects.  The 
spirography  was  done  on  the  supine-  as  well  as  on  the 
standing  position  by  use  of  the  13, 5L  respirometer  of 
Benedict-Roth  type.  Functional  residual  capacity  was 
measured  by  the  helium  dilution  method  with  the  closed 
circuit  system. 

c,  SUBJECTS; 

2421  volunteers,  who  were  on  the  specially  organized 
medical  checkup  program  during  one  week’s  hospitalization 
at  the  Kelo  University  Hospital.  Included  were  1829  males 
and  594  females  and  their  age  ranged  from  18  to  85.  Out  of 
these  subjects  included  were  594  healthy  male  subjects, 
who  revealed  neither  any  subjective  complaints  nor  any 
abnormal  objective  physical  findings. 

d,  RESULTS  AND  TREATMENT  OF  THE  DATA; 

(1)  CORRELATION  WITH  VARIOUS  FACTORS  AND  THE  REGRESSION 
EQUATIONS  FOR  THE  MATHEMATICAL  MEAN : * 

These  so-called  healthy  subjects  were  picked  up  with 
regard  to  their  routine  clinical  findings  including  the 
chest  X-ray  findings.  As  for  the  first  step  the  possible 
factors  affecting  these  physiological  parameters  were 
statistically  examined  by  calculating  the  correlation 
coefficient.  The  sex  and  age  were  found  to  be  the  most 
common  variables  related  to  every  parameters  on  the  venti¬ 
latory  capacity.  These  subjects  were  classified  with  regard 
to  their  sex  and  ages.  Age  classification  was  done  at 
every  five  years  intervals. 

The  parameters,  which  appeared  to  be  dependent  to  the 
physical  constitution,  were  represented  as  the  ratio  to  the 
predicted  values.  This  .rocednre  was  taken  to  eliminate 
the  constitutional  difference  or.  each  individual  subjects. 
For  the  convenience’ s  sake  t he  predicted  values  were 
calculate:  by  ‘uv  Baldwin’s  formula. 
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Table  13.  Ventilatory  functions  of  Japanese  of  various 
ages. 


The  data  shown  in  this  table  are  obtained  on 
468  males,  who  were  clinically  considered  healthy. 
These  healthy  subjects  were  picked  up  from  2400 
cases  through  the  medical  checkups  at  the  Keio 
University  Hospital. 


age  groups 

no.  of 
subjects 

vital  capacity 
(ml/cmHt ) 

— mi t~‘ 

on 

(L/mln.nrBSA) 

20-29 

8 

24.7(2.4} 

85.5(6.2) 

79.9(12.8) 

30-34 

18 

25.1(2.4) 

82.8(6.4) 

75.2(16.5) 

35-39 

44 

24.4(3.2) 

83.0(6.8) 

70.6(12.4) 

40-44 

45 

24.5(3.4) 

80.8(6.9) 

71.4(12.4) 

45-49 

62 

23.7(3.2) 

80.7(5.3) 

73.6(14.3) 

50-54 

65 

22.7(2.9) 

79,7(5.0) 

65.5(12.2) 

55-59 

52 

22.4(2.9) 

79.3(4.8) 

62.2(14.7) 

60-64 

41 

21.7(3.2) 

77.9(4.7) 

63.3(12.3) 

65-69 

25 

21.8(3.0) 

77.8(4.4) 

52.7(14.0) 

70  or  over 

8 

20.3(1.5) 

77.6(4.3) 

55.6(12.1) 

Figures  in  the  parenthesis  indicate  the  standard  deviation 
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Pig. 13. Vital  capacity  and  age  Fig.l4.  FBV1.0  and  age 
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Fig  •  21.  Classification  of  the  Impaired  ventilatory 
oapaolty. 
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Fig. 22.  Iso-FEVl/pred.VC  curves  drawn  on  the 
*VC-PEV1*  diagram. 


Some  parameters  were  related  to  age  and  sex  as  referred 
above  so  that  we  calculated  the  mean  values  in  terms  with 
sex  and  ages.  The  vital  capacity  was  also  related  to  the 
body  height  and  the  KVV  to  the  body  surface  area  so  that 
the  ratios  of  these  parameters  divided  either  by  body  height 
or  body  surface  area  were  taken  to  find  out  the  relation¬ 
ships  of  these  parameters  with  ago (Table  13) 

The  parameters,  including  $VC , FEVi , FEVl^ , MMF  and  MTV 
on  any  particular  age  groups  demonstrated  normal  distribu¬ 
tion.  Sven  though  the  difference  in  their  physical  consti¬ 
tution  was  eliminated  the  standard  deviation  for  every 
parameters  were  found  consistently  larger  than  the 
corresponding  values  obtained  in  our  previously 
reported  study  on  the  spirography  repeatedly  done  on 
the  limited  numbers  of  healthy  subjects. 

The  mathematical  mean  and  the  standard  deviation 
for  every  parameters  were  calculated  on  each  sex-age 
groups  and  the  regression  equations  for  the  mean  on  these 
parameters  in  terms  of  age  and  constitutional  factors 
were  calculated.  Statistical  treatment  was  also  performed 
cr.  EV,FRC,fLC  as  well  as  PA’/TLC  ratio.  The  data  was 
demonstrated  in  Figures  13,14,13 ,16,17, 1C, 19  and  20.  The 
calculated  equation**  are  as  following. 

VC  (L)-0, C46  E-o. 012-3 -29 

FEVI . 0 ( L )= 0 . 03  7  K- 0 . 022 A-2 . 11 

I'fif  (I, /sec  )=0. 034  K-C .  03*lA-0.57 

MW  (L./min  )=  0.913  H-C 923 A 

RV/TLC  (55  )=0. 203A-0.163  Hr46 .  ? 


?EV1 .  Cp=0.  02?  H-0.220At84.f- 

(2)  FEV  1.0/PREDICTED  VIf.AL  CAPACITY  (%  )  5 

On  the  clinical  pulmonary  function  study  the  impaired 
ventilatory  functions  are  usually  classified  into  three 
major  types,  namely  the  restrictive-, the  obstructive-  and 
the  combined  ventilatoiy  impairment.  The  restrictive 
ventilatory  impairment  is  characterized  by  any  decreased 
vital  capacity  while  the-  obstructive  ventilatory  impairment 
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by  depressed  FEV1$.  For  the  quantitative  evaluation  of  the 
overall  ventilatory  impairment  two  parameters  of  $VC  and 
FEVl^  are  used (Fig. 21 ).  Every  ventilatory  functions 
evaluated  on  the  routine  spirography  may  be  plotted  on 
the  diagram,  upon  which  the  percent  vital  capacity  be  taken 
on  the  abscissa  and  FEV1#  on  the  ordinate.  Although  the 
ventilatory  impairment  is  thus  classified  one  has  to  overcome 
the  practical  disadvantage  to  compare  the  impairment  quanti¬ 
tatively,  especially  when  these  two  parameters  are  not 
impaired  in  parallel.  To  assess  the  ventilatory  impairment 
quantitatively  with  a  single  paaameter  we  took  FEV1  divided 
by  the  predicted  vital  capacity.  Although  this  parameter 
itself  does  not  have  any  definite  physiological  significance 
this  reflects  the  changes  in  vital  capacity  as  well  as 
FEV1$.  We  used  to  take  the  vital  capacity  measured  on 
supine  position  while  FEV1$  taken  on  standing  position. 
Although  the  Baldwin’s  predicted  value  for  vital  capacity 
represents  the  value  obtained  on  supine  position.  We 
took  the  vital  capacif  on  standing  position  just  for  the 
convenience’s  sake  so  that  the  parameter  of  "FEVl/pred.VC" 
be  equivalent  to  the  product  of  $VC  and  FEV1$.  This 
parameter  of  FEVl/pred, VC  therefore  be  convenient  to 
evaluate  the  overall  ventilatory  impairment  by  single 
parameter.  Upon  calculating  the  FEVl/pred  VC$  these 
parameters  of  %VC  and  FEV1$  are  thus  taken  equivalent  to 
each  other  to  represent  the  overall  ventilatory  impairment 
although  one  may  not  expect  tmlch  physiological  signifi¬ 
cance  upon  FEVl/pred. VC^.  But  on  the  conventional  clinical 
diagnosis  for  the  evaluation  of  ventilatory  functions  this 
parameter  may  be  quite  convenient.  On  the  overmentioned 
diagram,  upon  which  was  taken  on  the  abscissa  and 
FEV1$  on  the  ordinate,  the  group  of  parabolic  curves  repre¬ 
sent  the  iso-FEVl/pred.VC  lines (Fig. 22 ) . 

Figure  22  shows  the  iso-FEVl/pred.VC  curves  drawn  at 
intervals  on  the  ^VC-FEV1/  diagram.  We  have  plotted  the 
data  obtained  on  2423  volunteer  cases  upon  this  diagram 
to  demonstrate  the  general  aspects  of  the  ventilatory 
functions  among  Japanese  volunteers.  Some  of  them  revealed 
any  impaired  ventilatory  functions  accompanied  by 
FEVl/pred. below  6 0%. 

(3)  IMPAIRED  VENTILATORY  FUNCTIONS  AT  VARIOUS  AGE  GROUPS: 


The  incidence  of  the  cases  with  any  impaired 
ventilatory  functions  was  studied  on  every  age  groups. 
Among  the  groups  of  younger  adults  the  cases  accompanied 
by  any  impaired  ventilatory  functions  were  found. 
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Pig. 25 •  Incidence  of  ventilatory  impaiment 
aaong  2423  volunteer  Japanese  subjects 
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EFFECT  OF  AGE 
ON  VENTILATORY  FUNCTIONS 


ventilatory 
changes 
per  age 

T  correlation 

1  coefficients 
i  with  ago 

V  C  (L) 

-  0.02 

-0,29 

FEVio(L) 

-  0.03 

-0.52 

-4 

MMF  (Msec) 

-  0.04 

MVV  (Mmin) 

-  1.1 

1 

-0.44 

FEV,  0%  (V.) 

-  0.2 

-0.29 

RV/TLC  C/.) 

+  0.2 

♦0.28 

Table  14.  Cer relation  oaaffloiants  of  vent  Hat  oj 
functions  with  age 


EFFECT  OF  AGE 
ON  VENTILATORY  FUNCTIONS 


ventilatory  changes  per  age 

!  "ale  subjects  followed  up 
with  normal  1  ^  subject: 
vent,  functions  1 

n  =  5 9  4  n : 30 

V  C  (L) 

-  0.0  2  ■ 

-  0.01 

FEVi.o  (Li 

-  0.02 

l 

-  0.04 

MMF  (L/sec) 

-  0.04 

MVV  (L/min) 

-  0  9 

♦  0.1 

FEVioV.  C/.) 

-  0.2 

-  1.0 

RV/TLC  C/.) 

+  0.2 

i 

+  0.4 

•  Ventilatory  changes 

per  age 

(3D 
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Fig, 27,  Incidence  of  eubjeote  with  PEV10  of  700 
or  lower  In  the  healthy  population, 
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Males 


age  group 


Fig* 28*  Incidence  of  ventilatory  impairment  among 
the  male  subjects  of  rerlous  ages*  who  did  not 
revealed  any  clinical  abnormality  trlthregard  to 
their  subjective  complaints, physical  findings  as 
thair  i»r«y  findings  on  %b»  ohesi— 
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graphic  not  reproducible 


ventilatory  functions  was  increased  as  the  age  increased. 
The  relative  types  of  the  ventilatory  impairment  was  also 
studied.  Among  the  aged  the  obstructive  ventilatory 
impairment  or  the  combined  ventilatory  impairment 
was  rather  dominant  than  the  restrictive  ventilatory 
impairment. 

(4)  FOLLOW-UP  STUDIES; 


The  baseline  studies  described  above  was  done  on  2423 
cases  of  various  age  groups.  Question  was  then  raised 
whether  or  not,  if  one  picked  up  any  particular  subject 
to  follow  up,  any  change  in  his  ventilatory  functions  may 
develope  along  the  overmentioned  decline  of  the 
baseline  data. 

We  had  opportunity  to  study  repeatedly  the  changes  in 
ventilatory  functions  oy  following  up  come  particular 
subjects  for  years.  The  changes  in  every  parameters 
per  annum  were  calculated  on  these  subjects  of  various 
ages. 


Firstly  we  compared  the  annual  changes  in  every 
parameters  obtained  on  the  followed-up  healthy  cases  with 
those  estimated  on  tne  different  healthy  subjects.  The 
previously  obtained  annual  rate  of  changes  on  the 
randomly  selected  healthy  subjects  may  be  represented  by 
the  value  in  the  previously  reported  regression 
equations.  Secondly  we  compared  the  annual  changes  in  every 
parameters  obtained  on  the  cases  accompanied  by  the  chest 
diseases  with  those  obtained  on  the  healthy.  As  for  the 
representative  chest  diseases  accompanied  by  any  typical 
ventilatory  impairment  we  picked  up  chronic  pulmonary 
emphysema  and  diffuse  pulmonary  fibrosis. 

We  compared  the  annual  rate  of  changes  for 
each  parameters  on  29  cases  wltn  chronic  pulmonary  emphy¬ 
sema  and  on  13  cases  with  pulmonary  fibrosis.  By 
comparing  these  annual  rate  of  changes  for  these  para¬ 
meters  any  statistically  consistent  difference  was  not 
found.  The  ventilatory  functions  of  the  followed- 
up  normal  healthy  changed  year  by  year  within  the  normal 
range  estimated  by  the  previously  described  baseline 
study.  The  cases  with  chronic  pulmonary  emphysema, 
whose  ventilatory  functions  were  followed  up  for  years, 
revealed  annual  rate  of  changes  in  FEV'l^  without  any 
consistent  difference  as  compared  with  those  in  the 
normal  healthy.  But  the  annual  rate  of  changes  in  %  vital 
capacity  on  these  emphysematous  subjects  was  rather 


ANNUAL  VENTILATORY  CHANGES 


followed  up 
normals 

n=30 


'0  (L) 

-  0.01 

(♦0.01  -  -003) 


FEV,0  (L) 

-0.04 


(♦0.01  -  -  0.09) 


emphysema 
n  =  29 


-  0.1  0 

(♦0.03  -  -0  23) 


-0.06 

(♦002  -  -014) 


-  0.06 

(♦002  - -0.14) 


fibrosis 
n  =1 3 

i 

figures  m  the  parenthesis  indicate  957#  confidence  intervals 


-0.03 

(♦0  07  -  -0.13) 


Table  16.  Annual  ventilatory  changer?  (1) 


ANNUAL  VENTILATORY  CHANGES 


M  V  V  (l/tnin) 

F6  Vj  07*  (•/•) 

followed  up 

normals 
n  =  30 

+  0.1 
(♦6.1  -  -59) 

-  1.0 
(♦0.1  -  -2  1 ) 

emphysema 
n  =  29 

-  2.2 
(♦0  2  -  - 4  6) 

-  0.5 

(♦15-  -2  5) 

fibrosis 

-  12 

+  05 

n  13 

(♦  35  -  -  5.9) 

<♦2  6  -  -1.6) 

Table  17.  Annual  ventilatory  changes (2) 
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significant  than  those  found  in  cases  of  normal  healthy. 

On  the  followed-up  cases  accompanied  by  diffuse 
pulmonary  fibrosis  the  impaired  ventilatory  functions  chan¬ 
ged  with  the  average  annual  rate  of  change  equivalent  to 
those  found  in  the  normal  healthy.  Although  the  average 
rate  of  changes  in  the  ventilatory  functions  did  not 
show  any  consistent  difference  on  the  cases  with 
pulmonary  fibrosis,  the  tlme-to-time  fluctuation  in 
their  impaired  ventilatory  functions  was  quite 
larger  as  compared  with  tnose  in  the  normal  healthy. 
Statistically  treated  data  on  the  parameters  on  the 
vital  capacity , FEV1 , FEV1# , MMF  and  on  MW  are  summarized 
in  Tables  16  and  17. 


c. CONCLUSION: 

The  baseline  study  on  the  ventilatory  functions  among 
Japanese  population  of  various  ages  was  reported.  The 
study  allowed  us  to  establish  the  recession  equations 
for  the  mathematical  mean  on  the  various  parameters  as 
well  as  to  demonstrate  the  distribution  of  the  data 
with  regard  to  the  age. 

In  Figuresl7, 18,19  and  20  the  rejection  limits 
calculated  with  regard  to  each  age  groups  were  indicated. 
Note  these  5^  rejection  limits  for  FEVl^  for  the  aged. 

70^  of  FEVl^  seems  too  severe  for  the  normal  limits  on 
the  aged  population. 


4.  STUDIES  ON  THE  AIRWAY  RESISTANCE: 
a  PURPOSE  FOR  THE  STUDY: 

The  diagnosis  on  so-called  chronic  obstructive 
pulmonary  diseases  be  given  basing  upon  the  data  on 
pulmonary  physiology  in  addition  to  the  patient's 
clinical  symptoms. 

Although  the  so-called  obstructive  ventilatory 
impairment  is  characterized  by  the  depressed  FEV1J6  on 
the  splrography,  there  are  some  technical  problems  to 
be  explored.  The  pulmonary  function  data  in  the  routine 
medical  practice  be  collected  on  the  splrography.  But  the 
data  on  the  routine  pulmonary  function  tests  often  reveals 
discrepancy  with  the  clinical  findings  on  the  asthmatic 
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patients  as  well  as  on  the  bronchitic  ones.  This 
discrepancy  suggested  us  to  conduct  the  present  studies. 

We  have  focused  our  aim  upon  the  following  points  to  explain 
this  discrepancy.  The  following  points  will  be  discussed 
hereunder. 

The  routine  spirography  could  possibly  be  not  sensitive 
enough  to  pick  up  every  minor  obstructive  changes 
occurred  in  the  airway.  The  second  question  was  placed 
upon  the  diagnostic  criteria.  The  diagnostic  criteria 
used  to  evaluate  the  ven  ilatory  functions  among 
the  U. S. military  personnel  was  too  severe  so  that 
the  incidence  of  obstructive  ventilatory  impairment  could 
possibly  be  appeared  too  high.  FEV1$  of  80%  for  the 
diagnostic  limit  seems  too  severe.  Since  the  repeatedly 
measured  FEV1$  demonstrate  the  normal  distribution,  if  one 
take  the  mathematical  mean  for  FEV1$  as  the  normal  limits, 

50$  of  the  total  cases  may  be  diagnosed  abnormal.  For 
the  healthy  young  adults  the  mean  FEV1$  may  be  83$  with 
standard  deviation  of  less  than  5$-  If  one  take  80$  for 
the  lower  normal  limit,  one  has  to  expect  very  high  incidence 
of  false  positive  of  approximately  33$  of  the  cases  examined. 
Therefore  one  has  to  consider  any  allowance  for  the  rower 
normal  limit  of  FEV1$.  We  have  observed  in  our  previously 
reported  baseline  study  the  5$  rejection  limit  to  be  below 
70$,  Thirdly  we  have  to  remember  the  fact  that  neither  the 
subjective  complaints  nor  the  physical  findings  cannot 
satisfactorily  be  explained  by  these  obstructive 
ventilatory  impairment. 

To  discuss  these  technical  problems  to  assess  th° 
ventilatory  impairment  we  took  in  their  present 
paper  two  major  approach.  One  of  them  was  to  measure 
the  airway  resistance  to  establish  its  normal  limits  for 
the  Japanese  population.  The  other  was  to  compare  these 
da4 a  with  the  spirographic  data  to  make  the  physiological 
significance  for  FEV1$  clear. 


b. SUBJECTS; 

The  subjects  examined  in  this  present  study  Include 
both  healthy  and  diseased.  The  healthy  subjects  were  picked 
up  from  groups  of  the  medical  doctors,  the  interns  and  of 
the  medical  students.  The  dlseas  i  subjects,  aged  from 
19  to  82,  were  randomly  picked  up  out  of  the  cooperative 
chest  patients  who  visited  the  Keio  University  Hospital. 

The  total  numbers  of  subjects  were  139- 
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These  subjects  were  carefully  examined  on  their  history 
on  the  chest  diseases,  the  : /rotors  of  cough  and/or 
phiegm,  the  physical  findings ,  the  chest  X-ray  ani  on  the 
spirographlc  data  to  classify  these  subjects  into  four 
groups.  Subjects  Included  in  the  "group  I"  did  not 
accompany  any  signs  and/or  symptoms  suggesting  any  chest 
diseases.  Subjects  in  the "group  IIs  were  accompanied  by 
the  history  of  chest  diseases  and/or  slight  subjective 
compiaints  without  any  physical  abnormal 1 t 1 es .  Since 
their  corplaints  and/or  physical  findings  were  so  rinor 
that  those  ray  possibly  be  Included  in  the  so-called 
"clinically  healthy"  in  vide  sense.  The  subjects  incliidei 
in  the  "‘groups  III  and  IV"  were  the  patients  of  chest 
diseases.  Diseased  subjects  who  revealed  FSTljf  over  70 % 


were  included  in  the "group  II! 
FSVTjf  of  ?0t  or  lower  were  In 


“  while  t-hos 
the  "group  I 


who  accorpanied 


To  establish  the  norral  values  for  the  airway 
resistance  statistically  the  healthy  subjects  we-e  picked 
up  with  special  care  under  the  strict  criteria.  The 
subjects  w'r.o.  Here  accorpanied  by  any  subjective  corplaints , 
if  It  was  very  slight,  ray  sometimes  be  included  In  the 
"clinically  he al thy "subjects.  In  this  present  study  excluded 
were  such  "clinically  healthy"  out  of  the  "norral  healthy". 
These  who  were  also  excluded  fror  in  cur  present  study 
were  the  heavy  srokers  whose  daily  cigarettes  ccnsurption 
exceeded  20.  Arc ng  those  excluded  fror  the  "norral 
healthy"  were  our  research  associates  although  these 
doctors  were  able  to  behave  perfectly  norral  on  their 
daily  activities.  The  norral  healthy  selected  for 
the  study  under  strict  criteria  were  5-  rales  and  16 
ferales. 


c . METHODS : 

The  spirogr&phy  was  done  on  beth  supine-  and  standing 
position  by  use  of  the  resplrcreter  of  Benedict- 

Hoth  type.  was  calculated  on  the  splrograr  taken 

on  the  standing  position.  The  highest  value  for  FEVl^ 
on  the  repeated  spiregraphy  was  taken  to  represent  his 
ventilatory  capacity.  The  airway  resistance  was 
measured  by  the  panting  rethod  using  the  body  plethysmo- 
graph  of  pressure  type.  The  subjects  sat  in  the  box  until 
he  got  accustomed  in  his  very  restricted  environment , 
during  this  period  the  box  temperature  reached 
approximately  constant. 

Panting  effort  i-fith  air-flow  of  0. 5-1.0  L /sec  at 
frequency  of  2~3/sec  was  performed  through  the  pneumo- 
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tachograph  for  10  or  15  seconds.  While  the  subject  making 
this  panting  maneuver  the  electronic  solenoid  valve  shut 
the  airflow  instantaneously.  The  pressure  change  In  the 
body-plet'nysmograph,  the  mouth  pressure  to  represent  the 
alveolar  pressure,  and  the  changes  in  airflow  were 
continuously  recorded  on  the  Sanborn  Poly-Viso  recorder. 
The  airflow  resistance  for  the  pneumotachograph-shutter 
system  was  measured  as  0.42cnE20/L.sec.  The  measured 
airway  resistance  was  corrected  with  this  resistance 
of  the  pneumotachograph-shutter  system. 


d..  RESULTS: 

(1)  AIRWAY  RESISTANCE  ON  116  MALE  SUBJECTS: 


Table  19  indicates  the  data  on  the  subject’s  age,  the 
mean  values  for  the  physical  constitution,  the  mean  and 
the  standard  deviation  for  the  splrographic  data 
as  well  as  their  airway  reslstancw  with  regard  to  the 
overmentioned  classification.  There  were  no  significant 
difference  on  the  background  data  between  these  four  groups. 
The  means  of  che  airway  resistance  for  each  grouns  were 
found  to  be  ±.24+0.25,1.48+0.2?,l.??+0.5^,  3.21+i.4ScmE20/ 
L.secfrespectlvely.  The  airway  resistance  in  the  groups 
I  and  II  was  significant!?  lower  than  those  in  the 
groups  III  and  IV (Table  19). 

(2)  NORMAL  LI KIT  FOR  THE  AIRWAY  RESISTANCE: 

The  frequency  distribution  on  FH"*' .  airway  resistance 
and  RawxVtg  measured  on  5°  nealthy  males  appeared  to 
demonstrate  the  normal  distribution  curves.  The  95^ 
confidence  interval  for  the  airway  resistance  was  estimated 
as  0.50cmE2 0/Lsec.  The  upper  rejection  limit  for 
normal  healthy  was  found  as  1.75cmH20/Lsec. 

The  airway  resistance  was  somehow  related  to  the 
thoracic  gas  volume.  Fig. 29  shows  the  relationship 
observed  between  the  airway  resistance  and  the  thoracic 
gas  volume.  In  the  healthy  cases  with  smaller  thoracic  gas 
volume  the  airway  resistance  was  found  larger  while  the 
healthy  cases  with  larger  thoracic  gas  volume  revealed 
smaller  airway  resistance.  As  for  the  diagnostic  parameter 
we  therefore  prefer  RawxVtg  rather  than  the  airway  resistance 
because  the  airway  resistance  was  dependent  to  the 
tnoracic  gas  volume,  RawxVtg  is  the  reciprocals  for  the 
specific  conductance (Gaw/Vtg ) .  The  upper  rejection 
limit  for  RawxVtg  obtained  on  the  "healthy  male  adult" 


MEAN  AND  S.D.  ON  SPIROGRAPHIC  AND  BODY  ' 
PLETHYSMOGRAPHIC  DATA  IN  MALE  ADULTS 
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Table  19.  Soaa  basic  data  obtained 


CORRELATION  OF  Row 

WITH  FEVuo% 
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Plg»30»Correlatlon  of  airway  resistance 
with  PBV1< 
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was  found  to  be  4.96cmH20sec. 


(3)  FEV1$  VS.  AIRWAY  RESISTANCE: 

Relationship  between  FEV1$  and  the  airway  resistance 
is  shown  in  Fig.30  and  that  between  FEV1$  and  RawXVtg  in  Fig. 
31  obtained  on  118  cases  examined.  Broken  lines  in  the 
figures  indicate  the  upper  rejection  limits.  Any 
discrepancy  in  the  relationship  between  the  airway  resistance 
and  FEV1$  was  demonstrated.  Note  the  fact  that  not  every 
cases  having  abnormally  increased  airway  resistance  did 
revealed  depressed  FEV1$  and  that  every  cases  with  depressed 
FEV1$  did  not  shown  abnormally  increased  airway  resistance. 
The  same  tendency  in  the  relationship  between  FEV1$  and  RawX 
Vtg  was  also  observed. 

Further  analysis  was  performed  on  the  cases  accompanied 
by  FEV1$  within  normal  limits.  FEV1$,  the  airway  resistance 
and  RawXVtg  obtained  on  the  referring  91  cases  with  normal 
FSVi/fc  were  summarized  in  Fig. 32.  The  mean  values  for 
FEV1$  in  the  groups  II  and  I  did  not  revealed  any  statisti¬ 
cally  consistent  difference,  but  the  difference  between 
the  groups  II  and  III  was  found  significant. 

It  was  Interesting  enough  to  see  any  statistically 
significant  difference  on  the  mean  values  for  the  airway 
resistance  and  for  RawXVtg  between  the  groups  I  and  II. 

Cases  in  the  group  III,  accompanied  by  normal  FEV1$, 
revealed  increased  airway  resistance. 

Fig. 33  Indicates  FEV1$  on  81  cases  in  four  groups, 
who  revealed  airway  resistance  within  normal  limits.  Also 
be  noted  that  6  cases  In  the  group  IV,  who  revealed  depressed 
FEV1$  below  70$,  by  definition,  vrere  accompanied  by  the 
airway  resistance  within  normal  limits. 


(4)  DATA  OBTAINED  ON  THE  FEMALE  SUBJECTS; 

21  female  adults,  whose  ages  ranged  from  19  to  70, 
were  divided  Into  two  groups.  16  subjects  were  Included 
in  the  group  I  and  5  in  the  group  II.  The  criteria  for  the 
groups  I  and  II  were  the  same  as  mentioned  above.  The 
summarized  data  obtained  is  shown  in  Table  20. 

The  difference  of  FEV1$  between  cases  in  these  two 
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GRAPHIC  NOT  REPRODUCIBLE 


FEVio%  IN  GROUP  WITH 
NORMAL  Row 


Fig. 33.  FEV1#  In  oases  with  normal  airway  resistant 
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MEAN  AND  S.D.  IN  FEMALE 
ADULTS  WITH  NORMAL  FEV..o% 


I 

i 


i 

}f 


1 


1 

> 

( 

I 

1 

1 

I 


! 

i 

I 


I 

j 

i 

i 


- 

- - 

““ 

— - - 

■  ! . ' 

c\l 

6 

cm 

0J 

— - 

CO 

K 

CO 

} 

<0 

in 

<r> 

O 

o 

CO 

ro 

CM 

- 

CM 

(D 

CM 

t=3 

? 

■ 

CM 

in 

o 

ro 

ro 

CO 

CO 

00 

o 

ro 

ro 

* 

O 

o 

ro 

o 

b 

O 

o 

b 

o 

CL 

ZJ 

o 

- 

•H 

"fr 

- 1 

<D 

■H 

-f ! 

o 

, 

O') 

..tM 

O') 

+: 

o> 

•4  1 

f ; 

CD 

ro 

Ik. 

c 0 

CV| 

CO 

CO 

04 

’T 

CD 

u 

c0 

00 

CM 

<V  I 

O’ 

ro 

ID 

* 

CM 

CM 

C4 

C\ 

— 

o 

CM 

o 

.... 

vr 

IT) 

in 

i 

i 

~Q 

Cf 

j 

o 

$ 

N 

CD 

> 

rO 

~ 

CO 

in 

uo 

i.M 

N 

n 

r*- 

6 

O 

Sf 

— 

CO 

CM 

ro 

CD 

b  j 

CL 

01 

CO 

it 

b 

o 

in 

O 

O 

o 

b 

O 

o  1 
\  1  1 

3 

cC 

' 

-H 

+■! 

*  ! 

•fi 

-H 

ro  1 

o 

— 

ro 

00 

CD 

CT) 

o> 

M- 

(D  : 

cr> 

co 

N- 

OJ 

in 

0> 

to 

K 

CO 

* 

CM  j 

ro 

CO 

CM 

04 

OJ 

'T 

CM 

O 

CM 

ro 

O 

ro 

m 

in 

CD 

_ 

. 

,  I 

i 

, 

1 

u 

"o 

/—*  : 

A) 

CM 

" 

’o  1 

</» 

i 

O 

4>  | 

1 

V 

fc 

4> 

i/>  | 

, 

— 1 

o 

«/) 

♦- 

T5 

O 

<J 

6 

o 

'o  , 

o 

_ 

o> 

v> 

1) 

<s»  i 

, 

0) 

o 

a> 

5* 

v> 

X 

h 

./> 

X 

£ 

1  : 

r 

.a 

>» 

o 

- * 

...j 

T5 

o 

<->  i 

' — 

**— • *' 

■ — * 

— •* 

*****  ! 

V) 

l 

„ 

1 

k- 

O 

o 

Z 

Age 

Height 

Weight 

u 

> 

o 

> 

UJ 

Ll. 

O 

— 

> 

UJ 

u_ 

£ 

* 

O 

tc 

* 

o 

O 

o 

> 

o* 

> 

i 

O 

or 

•>! 

1 

L _ 

I  .  .. 

L . 

... 

....  . 

L . . 

_ j _ i 

(48 ) 


Table. ZjO,  Mean  and  standard  deviation  for  female  adults 


FEVi.o% ,  Row  AND  Row  x  Vtg  IN  GROUP 


GRAPHIC  NOT  REPRODUCIBLi 


groups  was  not  significant  while  those  of  the  airway  resistance 
as  well  as  of  RawXVtg  were  found  statistically  significant 
on  these  referring  two  groups. 


e. CONSIDERATION: 

(1)  CRITERIA  FOR  T3E  NORMAL  HEALTHY: 

To  establish  the  normal  limits  for  the  airway 
resistance  one  has  to  define  the  criteria  for  the  "healthy 
subjects "strict.  The  subjects,  who  are  able  to  continue 
their  daily  activities  quite  normal  except  for  any  slight 
subjective  complaints  of  morning  cough  and/or  phlegm  produ¬ 
ction,  night  sometimes  be  lncltRed  in  the  group  of  clinically 
healthy..  But,  as  being  demonstrated  in  this  present  paper, 
the  clinically  healthy  subjects  in  a  broad  sense  often 
revealed  high  airway  resistance  exceeding  the  normal  limits. 

Some  heavy  smokers  were  included  in  these  groups 
accompanied  by  Increased  airway  ~e si stance.  There  are 
papers  dealing  with  the  airway  resistance  on  the  cigarette 
smokers.  Jaeger  and  Otis  excluded  cigarettes  smokers  to 
establish  their  normal  values  for  the  airway  resistance. 
Gayatt  et  al  used  the  healthy  prisoners  as  for  the  subjects 
for  their  normal  values  of  the  airway  resistance  so  that 
they  could  exclude  the  direct,  immediate  effects  of 
smoking.  Pelzer  et  al  studied  the  airway  resistance  on  the 
healthy  young  adults.  They  did  not  found  any  consistent 
difference  on  the  airway  resistance  between  smokers  and 
non-smokers  although  they  found  the  difference  among  the 
aged  population.  For  the  normal  FEVljS  it  may  not  be 
necessary  to  take  such  severe  criteria  for  the  "normal 
healthy”  because  the  spirogram  is  not  sensitive  enough 
to  pick  up  every  minor  abnormalities. 

(2)  NORMAL  VALUE  FOR  THE  AIRWAY  RESISTANCE : 

For  the  practical  purposes  upon  examining  the  impairment 
the  5$  upper  rejection  limit  for  the  airway  resistance 
may  be  much  significant  than  the  mathematical  mean.  We 
statistically  treated  the  airway  resistance  obtained  on 
50  healthy  males  to  calculate  the  9 5%  confidence  interval 
for  the  mean  as  well  as  the  upper  rejection  limit. 

The  normal  values  for  the  airway  resistance  reported 
by  various  authors  are  compiled  in  Table  21.  DuBois  et  al, 


TEXT  NOT  REPRODUCIBLE 


discussed  this  particular  problem  on  the  distribution  of 
-he  normal  value.  Although  some  papers  concerned  in  discuss¬ 
ing  with  the  normal  values  for  the  airway  resistance,  were 
only  indicated  the  mathematical  mean  with  or  without 
stardard  deviation.  Some  of  the  papers  took  the  airway 
conductance  instead  of  the  resistance.  We  indicated  the 
overall  airway  conductance  and  the  specific  airway  conduct¬ 
ance,  which  is  prpresented  by  the  airway  conductance  per 
unit  thoracic  gas  volume,  in  addition  to  the  previously 
indicated  values  represented  by  the  airway  resistance. 

The  Table  tt  contained  our  own  data  obtained  on  two  types  of 
populations,  one  of  them  was  the  normal  healthy  selected 
under  strict  criteria  and  the  other  was  the  normal  value 
in  a  broad  sense  covering  the  value  obtained  on  both 
groups  I  and  II. 

(3)  VALUES  AT  VABIOUS  AGES: 

Butler  et  al.  reported  the  airway  resistance  measured 
at  a  time  of  the  srdrography  was  done.  Although  they  did 
not  find  any  consistent  dificrenee  in  the  airway  resistance 
on  different  age  groups  although  they  did  any  consistent 
decrease  in  MW  with  aging.  Pelzer  found  no  significant 
changes  in  airway  resistance  with  age. 

In  an  observation  any  spirogrpphlc  changes  were 
noticed  in  the  population  of  age  over  40  years  But 
our  healthy  male  subjects  did  not  revealed  any  precise 
difference  in  the  airway  resistance  over  wide  ranges  of 
age (Table  22. 

(4) 3awXVtgs 

The  airway  resistance  is  dependent  to  the  thoracic 
gas  volume  maintaining  hyperbolic  relation.  Thus  the 
airway  conductance  reveals  linear  relation  with  the 
thoracic  gas  volume.  The  relation  obtained  on  the  normal 
healthy  may  be  indicated  by  the  following  formulae, 

RawXvtg=*K  (K=4.2) 

Gaw/Vtg=K»  (K’=0.24) 

For  the  diagnostic  parameter  RawXVtg  is  considered 
much  preferable  rather  rhan  the  airway  resistance, Raw. 
Although  42$  of  the  population  in  the  groups  II  and  III, 
whose  FEV1$  was  found  70$  or  higher,  revealed  airway 
resistance  exceeding  the  normal  limit  of  1. 75 cmH20/Lsec 
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Table  22.  Airway  dynamics  In  normal  adults 


while  ?1^  of  the  cases  were  accompanied  by  RawXVtg  exceed¬ 
ing  the  upper  normal  iimi:  of  £.9ocmH20sec.  These  facts 
suggest  us  the  parameter  of  RawXVtg  be  much  sensitive  than 
the  airway  resistance  itself  to  detect  any  minor  abnormality. 
In  another  word,  if  one  take  the  airway  resistance,  one 
might  possibly  mi3S  any  minor  airway  obstruction. 


The  physiological  significance  of  FEVl^  was  studied  in 
relation  to  the  airway  resistance  measured  by  the  panting 
method.  The  measurement  of  airway  resistance  was  performed 
on  139  adults,  age  distributed  from  19  to  62  years. 

Since  the  present  study  was  performed  with  the  aim 
to  establish  the  normal  limits  for  the  cirway  resistance  the 
selection  of  normal  subjects  was  made  strictly.  The  airway 
resistance  for  the  normal  healthy  selected  on  the  strict 
criteria  did  revealed  consistent  difference  with  that 
obtained  for  the  so-called"clinically  healthy"  in  a 
broad  sense. 

The  present  study  was  also  performed  to  examine  the 
physiological  significance  of  FEVlfl>  using  the  statistically 
established  5%  upper  rejection  limit  of  the  normal  airway 
resistance.  The  spirography  and  the  measurement  of  airway 
resistance  using  the  body  plethysmograph  of  pressure  type 
were  thus  performed  on  139  human  subjects,  Including  118 
males  and  21  females,  aged  from  19  to  82  years  old.  Among 
these  subjects  Included  were  66  normal  healthy  who  met  the 
overmentioned  strict  criteria.  Subjects  were  divided  into 
four  groups  in  terms  of  their  subjective  complaints, 
history  of  respiratory  diseases,  objective  findings  and 
their  FEVl£. 


f. SUMMARY: 

1)  The  mean  value  and  the  standard  deviation  on  the 
spirographic  and  the  body-plethysmographic  data  were  indicated. 
2/  On  the  group  of  50  normal  healthy  selected  under  the 
strict  criteria  the  authors  were  able  to  establish  the 
normal  characteristics  for  the  airway  resistance.  The 
mathematical  mean  and  the  upper  rejection  limits  for  the 
mean  on  the  normal  airway  resistance  were  1.24cmH20/Lsec 
and  1.75cniH20/Lsec, respectively.  Those  for  the  airway 
resistance  multiplied  by  the  thoracic  gas  volume (RawXVtg) 
were  4,15cmH20sec  and  4.96cmH20sec, respectively, 

3)  The  statistical  analysis  repealed  a  significant 
difference  on  the  airway  resistance  as  well  as  on  the 
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airway  resistance  multiplied.  by  the  thoracic  gas  volume 
(RawXVtg)  between  the  two  groups.  One  c f  them  was  the 
group  of  normal  healthy  selected  under  the  strict  criteria 
and  the  other  was  the  group  accompanied  bnly  by  any  subj¬ 
ective  complaints. 

4)  FEV1#  was  found  not  sensitive  enough  to  detect  any 
minor  airway  obstruction.  Also  the  expiratory  incompetency, 
represented  by  any  depressed  FEV1#,  does  not  always 
indicate  the  increased  airway  resistance. 


5 . STUDIES  ON  THE  ARTERIAL (OR  URINARY ) ALVEOLAR  NITROGEN 
TENSION  DIFFERENCE  : 

a. PURPOSE: 


Basing  upon  the  data  reported  by  Phelps  et  al  we  assu¬ 
med  the  existence  of  Increased  venous  admixture  like  effect 
in  bronchitic  patients.  The  increased  venous  admixture -like 
effect  was  assumed  to  be  due  to  the  uneven  ventilation- 
perfusion  ratio  distribution.  The  present  study  was 
performed  to  demonstrate  the  increased  venous  admixture- 
like  effect  in  the  bronchitic  patients  as  well  as  to  analyze 
the  cause  for  this  effects. 

b. GENERAL  DESCRIPTION  FOR  THE  TECHNIQUE: 

(1)  COLLECTION  OF  BLOOD  SAMPLES: 

The  subjects  were  reauested  to  maintain  themselves 
quiet  on  supine  posiion.  The  Cournand's  indwelling  needle 
was  inserted  into  the  brachial  artery  under  local  anesthesia 
and  then  the  subjects  were  kept  relaxed  for  at  least  30 
minutes  until  they  became  steady  state.  While  the  subjects 
breathe  air  through  the  double -J-valve  the  expired  gas 
was  collected  in  the  Douglas  bag  to  be  analyzed  with  the 
Scholander  micro-gas  analyzer  and  10ml  of  the  arterial 
blood  was  simultaneously  collected  anaerobically  in  the 
Luer-lock  interchangeable  syringes,  which  were  lubricated 
with  heparin-natrium  solution  in  advance.  The  dead 
space  of  the  syringe  was  filled  with  mercury. 

In  the  present  series  of  experiments  the  arterial 
blood  gas  tensions  and  its  pH  were  measured  with  the 
IL  meter  Model  113-S2 (Instrumentation  Lab oratory, Ltd. ,U.S.A. ) 
.  The  IL  meter  was  calibrated  by  the  heparinized  whole 
blood  equilibrated  with  the  gas  mixture  of  known  composition 
in  the  Far'ni’s  blood  gas  tonometer.  Blood  nitrogen  was 
analyzed  with  the  Beckman  gas  chromatograph  Model  GC2-A 
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equipped  with  Molecular  Sieve  5A  column  of  6  feetx£"o,d.. 
Gas  extraction  was  performed  with  the  modified  van  Slyke 
apparatus,  which  was  connected  to  the  gas  chromatograph 
system.  Oxygen  was  absorbed  in  the  reaction  chamber 
of  the  van  Slyke  apparatus  with  the  hydrosulfite 
alkaline  solution.  Residual  C02  was  completely  removed 
from  with  the  Ascarite  column  and  the  water  vapor  with 
the  Drierlte  column.  These  column  were  placed  in  the  down 
stream  of  the  carrier  gas  flow  from  the  gas  extraction 
system.  Helium  was  used  for  the  carrier  gas.  Temperature 
in  the  heated  column-bath  of  the  gas  chromatograph  was 
set  at  a  little  over  100C.  With  this  system  one  can  have 
the  argon-free  nitrogen  peak  on  the  gas  chromatogram. 

This  peak  height  for  argon-free  nitrogen  was  compared  with 
that  produced  by  the  exactly  same  amount  of  blood  sample 
equilibrated  with  air  in  the  Farhi's  blood  gas  tonometer, 
which  was  set  at  the  temperature  of  37.30.  The  peak 
height  of  the  gas  chromatogram  was  used  to  represent  the 
relative  content  of  argon-free  nitrogen  in  the  specimen. 
Since  the  exactly  same  amount  of  the  sample  was  injected 
into  the  extraction  chamber  with  the  specially-calibrated 
"sample-injector"  and  since  the  tonometered  blood  was 
equilibrated  with  the  compressed  air,  of  which  the  argon- 
free  nitrogen  tension  is  known,  one  can  calculate  the 
arterial  argon-free  nitrogen  tension  usi)ig  the  ratio  of 
peak  height  for  the  arterial  blood  and  that  for  the 
tonometered  blood.  In  this  calculation  of  the  arterial 
nitrogen  tension  the  solubility  coefficient  of  argon-free 
nitrogen  for  blood  was  not  necessary. 

Alveolar  nitrogen  tension  was  calculated  with  the 
alveolar  equation.  The  gas  analysis  data  of  the 
expired  gas  was  used  for  this  purpose. 


(2)  COLLECTION  OF  URINARY  SPECIMEN: 


Firstly  the  subjects  were  requested  to  empty  their 
urinary  bladder.  The  subjects  remained  seated  quietly 
for  at  least  30  minutes  after  they  took  500  ml  of  water. 

The  subjects  were  then  passed  the  urine  into  the  bottle, 
which  contained  liquid  paraffin  layer  to  separate  the 
urine  from  the  contamination  of  atomospheric  air.  Through 
thlok  film  of  this  liquid  paraffin  the  urinary  specimen  was 
transferred  anaerobically  into  the  lubricated  20ml  syringe 
to  be  stored  until  it  was  analyzed.  The  procedure  was 
taken  as  soon  as  possible  to  avoid  the  diffusion-loss  of 


of  nitrogen  Into  the  liquid  paraffin.  The  clean  syringes 
were  lubricated  with  saturated  lithium  chloride  solution. 

The  dyringes  filled  with  the  specimen  were  stored  in  the 
ice  box  until  the  samples  were  analyzed,  A  part  of  this 
urinary  specimen  was  used  to  equilibrate  with  the  compressed 
air  in  the  Farhl’s  blood  gas  tonometer  to  be  used  to  cLiain 
the  calibration  peak  on  the  gas  chromatogram . 

We  have  examined  the  possibility  of  taking  some  "known" 
solubility  coefficient  to  calculate  the  arterial  or  urinary 
nitrogen  tension  instead  of  using  these  equilibrated  specimen 
If  this  procedure  be  satisfactory  of  getting  enough  accuracy 
one  can  expect  tremendous  advantage  to  simplify  the 
analytical  procedures  for  the  arterial  nitrogen  tension. 

To  calculate  alveolar  nitrogen  tension  it  may  not  be  nece¬ 
ssary  to  collect  the  expired  air  for  analysis  if  we  can 
assume  the  value  for  gas  exchange  ratio.  Also  to  calculate 
the  alveolar  nitrogen  tension  we  have  to  have  the  alveolar ( 
or  arterial >  C02  tension.  If  we  can  substitute  any  tentative 
ly  assumed  value  for  this  alveolar  C02  tension  it  maynot  be 
necessary  to  perform  the  arterial  puncture.  We  have'' 
examined  to  calculate  any  possible  error  brought  up  by 
taking  these  assumed  values  for  the  gas  exchange  ratio  as 
well  as  for  the  arterial  C02  tension.  If  any  allowance 
for  the  final  value  is  expected  one  may  tentatively  substi¬ 
tute  the  estimated  v<’  cue  either  for  the  gas  exchange  ratio 
or  for  the  arteri  \1  C02  tension.  But  we  reached  the 
conclusion  that  upon  calculating  the  arterial  nitrogen 
tension  the  estimated  nitrogen  solubility  might  finally 
cause  any  prreciable  error  for  the  calculatea  nitrogen 
tension,  which  eliminates  the  diagnostic  value  of  arterial 
alveolar  nitrogen  tension  difference. 

But  these  procedure  to  take  the  assumed  values  upon 
calculating  the  arterial -alveola:  nitrogen  tension  difference 
with  minimal  errors  the  tremendous  advantage  in  the  popu¬ 
lation  survey  is  expected. 

c. RESULTS: 

The  arterial  avleolar  nitrogen  tension  difference  was 
measured  on  three  independent  groups  of  subjects  having 
different  pulmonary  diseases.  One  of  them  was  the  group  of 
"holthy"  subjects.  The  second  group  was  the  subjects  accom¬ 
panied  by  the  episode  of  bronchial  astnma.  The  other 
group  was  the  subjects  with  typical  chronic  pulmonary 
emphysema (Fig. 35 )« 


ART-ALV  N2  TENSION  DIFFERENCE 

•  • 


» 

imiRiy 

•  • 

• 

20 

•  • 

1  * 

• 

• 

• 

•  - 

10 

A 

• 

1  *  * 

♦  . 

• 

aJLL 

w 

5  6 

•  •  • 

• 

• 

5* 

:  • 

Is 

8  • 

•  • 

• 

12 

• 

. 

• 

1 

MCAiTHY 

BA.  ASTHMA 

Pig. 35.  Arterial -alTaolar  nitrogen  tension 
difference. 


3 


AaDo? 

MAN  ON  SUPINE  POSIT** 


•  RE*  J*  DISEASE 


TC 

A*(JC" 


1 

10 


so*  'ix>  xe  top  »« ***+ 

p*>l 


Plg.)6.A*J>02  on  20J8  and  AOJ K  02  lerala 

(58) 


'' ^ ,•***»*> sr^«. <  f*«w. 


The  healthy  subjects  revealed  their  aA  nitrogen 
difference  less  than  10  mmHg.  Some  healthy  subjects 
revealed  negative  aA  nitrogen  difference.  The  unavoidable 
limitation  on  the  accuracy  of  the  analytical  procedure 
possibly  produce  this  negative  difference. 

The  mathematical  mean  and  the  standard  deviation  for 
the  arterial -alveolar  nitrogen  tension  difference  on  the 
normal  healthy  were  3.5mmHg  and  2. 8mmHg, respectively. 
Statistically  calculated  5^  upper  rejection  limit  was  found 
to  be  9.6mmHg,  Based  upon  these  data  we  have  set  the  normal 
limit  for  the  arterial  alveolar  nitrogen  tension  difference 
to  be  lOmmHg. 

In  cases  with  chronic  pulmonary  emphysema  and  with 
episodes  of  bronchial  asthma  this  arterial -alveolar 
nitrogen  tension  difference  was  found  increased.  The 
data  obtained  are  shown  in  the  Fig. 35 • 


6.  STUDIES  ON  THE  IMPAIRED  ALVEOLAR  GAS  EXCHANGE:  AaD 
AND  frutMONARY  DIFFUSING  CAPACITYT~ 

a, PURPOSE  OF  THE  STUDY; 

On  the  pulmonary  function  study  to  evaluate  the 
impaired  a?  -eofcr  gas  exchange  the  CO  pulmonary  diffusing 
capacity  is  performed  routinely. 

In  cases  with  Tokyo-Yokohama  asthma  the  arterial 
desaturation  was  pointed  out  and  this  suggested  us  the 
existence  of  increased  venous  admixture-like  effect. 

«  * 

We  nave  now  the  parameter  of  aADN2  as  well  as  AaD02 
to  assess  the  uneven  ventilation-perfusion  ratio  distribu¬ 
tion,  The  present  study  was  designed  to  establish  the 
physiological  sign*  ficance  between  these  parameters  of 
AaD02  and  aADN2  as  well  as  between  aADN2  and  DLco. 

Through  this  analysis  it  was  also  anticipated  to 
clarify  the  impaired  alvecl» r  gas  oxcnai^o  in  patients  with 
some  chest  diseases. 


b.HgraoK.  m  muon*-- 


AaD02  at  two  different  Inspired  02  concnntratlcnn  of 


ZQff>  and  of  40Jf  as  well  as  aADN2  on  the  air-breathing  level 
were  censured  on  the  healthy  subjects  and  the  patients  with 
chronic  pulmonary  diseases.  The  pulmonary  diffusing  capacity 
for  carbon  monoxide  by  the  breathholding  method  vas  ax so 
measured  on  these  subjects  at  a  time.  Routine  measurement 
of  the  pulmonary  diffusing  capacity  was  performed  on  the 
supine  position.  The  arterial  puncture  was  made  into  the 
brachial  artery  with  the  Cournandcs  indwelling  needle 
under  local  anesthesia.  The  subjects  were  maintained  for 
at  least  30  minutes  to  make  him  steady  state,  during  this 
period  he  was  asked  to  get  accustomed  to  breathe  through 
the  double- J-valve  in  the  open  circuit  system. 

YJhlle  the  subject  was  kept  under  steady  state  the  expi¬ 
red  gas  was  collected  in  the  Douglas  bag,  during  which 
period  the  arterial  blood  was  withdrawn  anaerobically  into 
the  heparin-lubricated  syringes.  The  arterial  02  and  C02 
tensions  as  well  as  pH  were  measured  promptly  after  coll¬ 
ection  of  blood  samples  with  the  I. L. meter  Model  113  S-2, 
which  was  calibrated  with  the  blood  equilibrated  in  the 
Farhi's  tonometer  with  the  gases  of  known  composition. 

The  expired  gas  was  analyzed  with  the  Schclander  micro¬ 
gas  analyzer.  The  alveolar  02  tension  was  calculated  with 
the  alveolar  equation. 

After  the  tests  at  the  room  air  level  the  Inspired 
gas  was  switched  to  the  40£  02  mixture.  Breathing  the 
gas  mixture  for  approximately  30  minutes  the  same 
maneuvers  mentioned  above  was  repeated  to  measure  the 
Af.D02  at  40j£  02  level. 


c. RESULTS: 


AaD02  for  the  normal  healthy  under  the  room  air  level 
was  measured  and  was  found  to  be  less  than  lCmnHg  while 
those  under  the  40^02  level  revealed  relatively  larger 
values  of  less  than  ZOmmHg.  The  pulmonary  diffusing  capacity 
on  the  normal  healthy  was  found  as  the  mean  values  of 
20.6ml/nln,mmEg.m  ,  ranging  from  15.8  to  27.4ml/min.mmHg.m  . 

The  present  study  aimed  not  only  bo  obtain  the  base¬ 
line  values  for  these  three  AaDfs  and  for  DLco,  but  also 
to  analyze  the  impairment  of  alveolar  gas  exchange  existed 
in  cases  with  chronic  diffuse  pulmonary  diseases  in 
terms  of  the  combination  of  AaD's  and  the  pulmonary 
diffusing  capacity.  As  shown  in  the  schematic  diagram 
AaD02’s  and  aADN2  are  influenced  by  some  physiological 
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i actors,  such  as  the  shunt,  the  diffusion  barrier  and  the 
uneven  TA/Q  distribution.  AaD02  at  the  room  air  level  is 
influenced  by  these,  factors.  aADN2  is  dependent  only  to 
the  VA/Q  uneveness  while  AaD02  at  the  higher  02  level 
mainly  depends  upon  the  low  VA/Q  component  as  well!  as  upon 
the  shunt.  V/e  Here  also  interested  from  some  clinical 
point  of  view  to  anal^  ze  the  contribution  of  these 
impairment  upon  the  CO  pulmonary  diffusing  capacity 
measured  by  the  breath  holding  method. 

Neither  AaD02  on  the  room  air  level  nor  that  on 
the  40$  02  level  revealed  straight  correlation 
with  the  pulmonary  diffusing  capacity  although  the  data 
indicated  any  correlation  between  these  parameters. 
aADN2,  which  may  respond  only  to  the  uneven  VA/Q 
distribution,  demonstrated  somehow  consistent 
correlation  with  the  pulmonary  diffusing  capacity.  Thus 
we  could  conclude  that  the  depressed  pulmonary 
diffusing  capacity  measured  by  the  breathholding  method 
did  not  directly  represent  the  impaired  diffusion,  but 
may  also  be  influenced  by  the  uneven  ventilation- 
perfusion  ratio  distribution.  On  the  clinical 
pulmonary  function  laboratory  this  pulmonary  diffusing 
capacity  is  often  used  to  evaluate  the  overall  alveolar 
gas  exchange.  Although  the  pulmonary  diffusing  capacity 
may  indicate  the  overall  functions  for  alveolar  gas  ex¬ 
change  lz  seemed  to  have  little  value  to  make  any  further 
analysis  on  the  impaired  alveolar  gas  exchange  with  this 
single  parameter  of  the  pulmonary  diffusing  capacity. 

Apart  from  some  physiological  point  of  view  we  are  to 
discuss  some  diagnostic  problems  iimitedly  concerned  to 
the  routine  clinical  practice.  We  have  studied  the 
pulmonary  physiology  in  the  bronchitic  patients  and  found 
that  some  cases  with  bronchitics  revealed  increased  aADN2 
even  though  they  were  accompanied  by  FEV1$  within  normal 
limits. 

The  relation  between  the  ventilatory  functions  and 
the  ventilation-perfusion  ratio  uneveness  will  be  discussed 
hereunder.  In  the  Fig. 41  FEVl/$  was  taken  on  the  abscissa 
to  represent  the  obstructive  ventilatory  impairment  and 
aADN2  was  on  the  ordinate  to  represent  the  VA/Q  uneveness. 

AaD02  on  the  40$  02  level  was  mainly  dependent  upon 
the  venous  admixture -like  effect,  including  the  shunt 
effect  and  the  ventilation-perfusion  uneveness,  while 
aADN2  vras  only  dependent  on  the  uneven  ventilation- 
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With  the  combination  of  these  parameters  of  AaD's 
and  DLoo  one  could  possibly  be  able  to  assess  the 
contribution  of  variable  factors  upon  the  impaired  alveolar 
gas  exchange.  AaD02  both  on  the  air  level  as  well  as  on 
the  40#  02  level  tended  to  increase  up  to  45  mmFg  in  cases 
with  chronic  pulmonary  diseases.  But  changes  in  these 
AaD02's  obtained  on  any  particular  patients  was  not  in 
parallel.  In  cases  of  the  normal  healthy  as  well  as  those 
with  the  diffuse  pulmonary  fibrosis  Asu/02  on  the  40#  02 
level  was  larger  than  that  obtained  on  the  air  level.  In 
cases  with  chronic  pulmonary  emphysema  AaD02  at  40#  02 
level  was  far  larger  than  those  on  the  room  air  level. 

If  one  take  the  ratio  between  AaB02  at  40#02  level  and  that 
at  room  air  level,  the  ratio  in  the  emphysematous  patients 
were  larger  than  that  obtained  in  the  cases  of 
healthy  and  of  pulmonary  fibrotics. 

This  seems  to  indicate  the  role  of  predominant  venous 
admixture  effect  as  well  as  the  diffusion  Impairment  in 
cases  with  diffuse  pulmonary  fibrosis  and  the  significant 
uneven  ventilation-perfusion  ratio  distribution  in 
emphysematous  patients. 

On  bronchitic  cases  accompanied  by  the  long-term  sputum 
production  the  relation  between  AaD02  and  aADN2  was  studied. 
AaD02  at  room  air  level  and  aADN2  appeared  to  show  somewhat 
linear  relationship  while  AaD02  at  40#  02  1.  2l  demonstrated 
rather  disturbed  relationship  with  aADN2.  The  fact  may  be 
explained  by  the  contribution  of  the  venous  admixture 
which  includes  the  factor  independent  to  uneven  VA/Q 
distribution,  at  variable  degree  upon  AaD02  at  40#  02  level 
in  these  chest  patients. 

AaD02  either  on  the  room  air  level  or  on  the  40#  02 
level  with  the  pulmonary  diffusing  capacity  revealed  reverse 
correlation  while  in  cases  with  chronic  pulmonary  emphysema 
these  parameters  Indicated  somewhat  disturbed  relationships. 
In  those  with  pulmonary  emphysema  hhe  pulmonary  diffusing 
capacity  did  not  demonstrated  any  precise  decrease  while 
slgnlf icantly  increased  AaD02's  were  found.  It  may  be 
possible  to  introduce  the  conclusive  comments  as  following: 
The  pulmonary  diffusing  capacity  measured  by  the  breath¬ 
holding  method  does  Indicate  the  overall  impairment  of 
alveolar  gas  exchange  although  it  seemed  difficult  to 
make  any  further  analysis  only  by  this  pulmonary  diffusing 
capacity. 
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7.  EFFECT  OF  BRONCHODILATOR  ON  ARTERIAL-ALVEOLAR  NITROGEN 
TENSION  DIFFERENCE: 

a.  PURPOSE  OF  THE  STUDY: 

We  have  demo^nstrated  the  increased  arterial-alveolar 
nitrogen  tension  difference  in  cases  with  some  obstructive 
pulmonary  diseases. 

The  present  study  was  performed  to  find  out  whether 
or  not  the  increased  arterial-alveolar  nitrogen  tension 
difference  in  these  obstructive  pulmonary  diseases  would 
improve  when  the  airway  obstruction  was  improved  by  the 
administration  of  bronchodilator  aerosols. 

b.  METHODS  AND  SUBJECTS: 


aADN2  was  measured  on  the  patients  accompanied  by  any 
obstructive  ventilatory  impairment.  To  examine  the  effect 
of  bronchodilator  upon  uneven  ventilation-perfusion 
distribution  the  subjects  Include  patients  with  subacute 
or  chronic  bronchitis,  chronic  pulmonary  emphysema  and  with 
the  episodes  of  bronchial  asthma. 

The  urinary  specimen  was  collected  anaerobically  prior 
to  the  inhalation  of  the  bronchodilator  aerosol.  The 
urinary  nitrogen  tension  may  represent  the  arterial 
nitrogen  tension.  The  measurements  were  performed  prior  to 
and  after  the  isoproterenol  aerosol  inhalation. 

Ten  minutes  after  administration  of  bronchodilator 
aerosol  the  subjects  again  repeated  the  sane  procedure 
for  the  uADN2  measurements.  Approximately  40  minutes  after 
bronchodilator  administration  the  second  urinary  specimen 
was  collected.  This  interval  was  considered  sufficient  for 
equilibrating  the  urinary  nitrogen  tension  with  that  in 
the  body  tissue  under  new  steady  state.  The  forced 
expiratory  curve  on  the  spirogram  was  again  taken  after 
the  second  urinary  specimen  was  collected, 
c  RESULTS  * 

'mX~'  1TO'" "effects  of  the  bronchodilator  aerosols  on  uADN2 

as  well  as  on  FEVl^  are  summarized  in  Fig. 43. 

The  figure  indicates  FEVlj?  on  the  abscissa  and  the 
aQDN2  on  the  ordinate.  After  the  bronchodilator 
administration  FEVljtf  did  improved  not  in  every  cases. 

The  aADN2  in  every  cases  with  obstructive  expiratory 
Incompetency  revealed  values  exceeding  normal  limits. 

After  bronchodilator  inhalation  these  abnormally  increased 
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EFFECT  OF  BRONCHODILATOR 


Fig**5«  Effect  of  bronohodllator  upon  uADN2  as  well 
as  upon  F KV1%. 
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aADN2  revealed  any  significant  decrease.  Even  in  cases, 
whose  FEVl£  was  not  Improved  after  bronchodilator  administ¬ 
ration,  this  aADN®  was  found  impDtrved.  The  relationship 
of  changes  in  uADNP.  as  well  as  in  FEV1$  4s  indicated  in  the 
graph.  The  closed  circles  indicate  the  value  prior  to 
the  bronchodilator  inhalation  and  the  open  circles  indicate 
those  after  the  inhalation.  The  arrow  connecting  these 
closed-  and  open  circles  show  the  changes  in  these  values. 


8.  EFFECTS  OF  CIGARETTE  SMOKING  UPON  THE  VENTILATORY  CAPACITY 
AND  THE  ALVEOLAR  GAS  EXCHANGE: 

a.  PURPOSE; 

The  patients  of  Tokyo -Yokohama  asthma  were  found  among 
the  population  of  heavy  cigarette  smokers.  The  cigarette 
smoking  proauce  the”  personal  air  pollution",  which  nay  be 
comparable  to  the "environmental  air  pollution”  although  the 
pollutant  is  quite  different  and  although  the  effects 
upon  the  human  body  might  be  different.  The  epidemiological 
studies  indicate  high  incidence  of  chronic  bronchitis  in 
the  population  of  cigarette  smokers  than  that  of  non-smokers. 

In  this  chapter  we  will  present  some  data  obtained  in 
the  experimental  observations  on  the  effects  of  cigarette 
smoking  upon  pulmonary  physiology.  In  this  present  series 
of  experimental  studies  we  aimed  to  mak~  the  following  two 
points  clear.  One  of  them  was  the  direct-  and  the  immediate 
response  of  the  human  lungs  to  the  cigarette  smoking. 

Another  was  the  long; -term  effects  of  cigarette  smoking  upon 
the  pulmonary  functions.  Most  of  the  clinico  -physiological 
studies  on  the  effects  of  cigarette  smoking  focused  their 
aim  upon  assessing  the  obstructive  ventilatory  impairment 
produced  by.  The  cigarette  smoking  may  possibly  produce 
as  its  proper  pharmacological  action  the  bronchoconstrlction 
and  it  may  also  cause  any  further  bronchoobstructlon  second¬ 
arily  by  producing  excess  mucous  secretion.  We  assumed 
these  bronchoobstructlon  may  possibly  cause  uneven 
ventilation-perfusion  ratio  distribution. 


b. METHODS  AND  SUBJECTS r 

As  for  the  subjects  the  volunteer  healthy  young  doctors 
were  taken.  Some  doctors  had  smoking  habit  of  consuming 
more  than  20  cigarettes  dally  anti  others  were  non-'-mokers. 
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Every  subjects  revealed  neither  physical  findings  nor  chest 
X-ray  abnormality. 

These  subjeots  were  tested  on  the  following  program. 

The  spirography  with  the  respirometer  of  13*5^  Benedlot- 
Both  type  way  first  made.  Measurements  of  the  airway 
resistance  using  the  b  )dy  plethysmograph  of  pressure  type 
was  also  done  by  the  panting  method.  In  parallel  to  these 
tests  the  urinary-alveolar  nitrogen  tension  difference 
was  measured.  The  urinary  nitrogen  tension  was  calculated 
from  the  data  obtained  by  the  gas  ohromatography.  The 
detailed  method  for  the  analytical  procedure  has  already 
been  described. 

Precisely  oonstant  volume  of  samples  of  approximately 
0.2ml  was  used  for  analysis.  Under  the  analytical 
oondltlon  the  argon-free  nitrogen  peak  on  the  gas  chromato¬ 
gram  came  out  satisfactorily  linear.  For  the  calibration 
of  the  gas  chromatogram  the  same  urine  or  blood  was 
equilibrated  with  the  room  air  in  the  Parht’s  tonometer 
at  37«3C  to  give  the  control  peak  height  on  the  gas 
chromatogram.  These  peak  height  of  gas  chromatogram 
produced  by  the  sample  and  the  exactly  same  amount  of  this 
equilibrated  specimen  allowed  us  to  calculate  the 
argon-free  nitrogen  tension  in  the  sample  without  using 
the  assumed  solubility  coefficient  for  nitrogen.  Triplicate 
analysis  on  each  specimen  was  made  to  minimize  the  analyti¬ 
cal  error. 

m  TBS  Mmm 

ill  §zsssmm* 

The  Immediate  effects  of  cigarette  smoking  on  the 
ventilatory  functions  were  studied.  One  hour  plor  to  the 
tests  subjeots  were  requested  not  to  smoke  oigarettes. 

After  the  spirogram  was  taken  tne  subjeots  smoked  cigarettes 
for  the  tests  and  the  ventilatory  functions  were  again 
tested  right  after  the  smoking. 

The  Tables  23  and  24  indicate  these  summarized  aplrogra 
phlc  data  on  *VC,PEVl,FIVlji,MXF  and  on  *HW.  Eaoh  of  them 
are  represented  by  the  mathematical  means.  These  mathema¬ 
tical  means  did  not  show  any  consistent  changes,  which  was 
expected  to  occur  immediately  after  the  cigarette  smoking. 
Although  these  values  did  not  revealed  any  ohange  in  general 
some  splrographic  data  as  compared  with  those  obtained 
prior  to  smoking.  As  shown  in  the  Tablc25  vital  capacity, 
FEV1  and  MW  appeared  to  decrease  slightly  right  after 
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Taole  25. Effects  of  cigarette  smoking  on  the 
ventilatory  capacity.  A  case  revealed 
sensitive  response  upon  cigarette  smoking. 
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Pig. 46.  Effect  of  cigarette  smoking  upon  airway 


smoking.  In  five  repetitive  spirography,  excepting  only  ore 
test,  we  fourd  che  same  tendency  to  decrease  in  their 
ventilatory  capacity.  These  data  indicate  the  fact  that 
some  particular  subjects  could  be  highly  sensitive  in 
responding  with  their  ventilatory  functions  to  the  cigarette 
smoking  although  in  average  they  did  not. 

(2)  AIRWAY  RESISTANCE: 


The  immediate  effects  of  cigarettes  smoking  were  f 
studied  by  measuring  the  ai~way  resistance  using  the 
body-plethysmograph.  The  RawXVtg  was  taken  as  the  parameter 
to  evaluate.  This  parameter  was  measured  prior  to  and 
after  cigaretd  smoking.  We  have  already  set  the  mean  for 
the  RavrXytg  on  the  normal  subjects  as  4,i5cmH20sec  and 
its  5%  upper  rejection  limits  as  4. 96cmE20sec.  As  shown  in 
the  Fig. 46  BawXVtg  on  seven  healthy  subjects  prior  to 
smoking  remained  within  normal  limits.  After  cigarettes 
smoking  this  parameter  in  five  cases  out  of  che  referring 
seven  subjects  was  increased  over  the  5$  upper  rejection 
limits  while  those  in  other  two  subjects  the  resistance 
remained  unchanged. 


d , CONCLUSION  t 

We  have  deduced  the  following  comments : 

1)  The  cigarettes  smoking  produce  slight  airway  constriction, 
which  may  be  detectable  by  the  body-plethysmography. 

2)  This  provoked  airway  obstruction  was  not  significantly 
demonstrated  on  the  spirography. 

3)  Some  particular  subjects  demonstrated  slight  and  tempo¬ 
rary  decrease  in  vital  capacity ,FEV1  as  well  as  in  MW. 


e. RESULTS  OF  THE  LONG  TERM  CIGARETTE  SMOKING; 

The  pulmonary  functions  on  283  volunteer  subjects 
were  examined  with  regard  to  their  habit  of  cigarette 
smoking.  This  particular  analysis  was  performed  to  examine 
the  effects  of  long  term  cigarette  smoking  on  the  pulmonary 
physiology. 

The  subjects  were  divided  into  four  groups,  namely 
the  "non-smokers",  "ex-smokers” ,  "smokers'5  and  the  heavy 
smokers".  J4  cases  were  included  in  the  group  of  "non- 
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smokers".  6l  cases  were  included  in  the  group  of  "ex- 
smokers",  who  had  history  of  cigarette  smoking  although  they 
had  quitted  smoking  by  the  time  of  tests.  78  cases  were 
"smokers”,  who  used  to  consume  less  than  20  cigarettes 
daily.  The  fourth  group  was  said  to  be  the  "heavy  smokers", 
whose  daily  cigarette  consumption  was  20  cigarettes  or  more. 
Included  in  this  group  of  "heavy  smokers"  were  110  cases. 

The  age  dlstrib\:tion  in  each  four  groups  did  not  show  any 
significant  difference  as  shown  in  Table  26. 

To  minimize  the  immediate  effects  of  cigarettes  smoking 
subjects  were  requested  not  to  smoke  at  least  for  30 
minutes  prior  to  the  tests. 

The  summarized  spirographic  data  obtained  on  these 
four  groups  were  given  in  the  Tables  27, 28, and  29.  Tables 
indicate  the  mathematical  mean  and  the  standard  deviation 
on  joVC,FEVl arid  on  MMF.  As  being  shown  in  these  tables 
the  spirographic  parameters  for  every  four  groups  did  not 
revealed  any  consistent  difference.  The  spirography  was 
not  sensitive  enough  to  pick  up  the  effects  of  long-term 
cigarettes  smoking. 

The  airway  resistance  measured  by  the  panting  method 
revealed  any  difference  between  "non-smokers"  and  "heavy 
smokers",  as  referred  elsewhere. 


9. CLINICAL  OBSERVATION  ON  THE  INCIDENCE  OF  AIRWAY  IRRITATION 
a. PURPOSE  OF  THE  STUDY; 


By  conducting  some  year-round  clinical  observations 
on  the  incidence  of  bronchitic  patients  on  the  specific 
population  we  tried  to  find  out  the  general  aspects  of 
changing  incidence  of  bronchitic  patients.  We  also  tried 
to  find  out  the  possibility  of  examining  the  patients, 
if  he  is  really  existed  among  Japanese  population,  accom¬ 
panied  by  the  similar  symptoms  with  Tokyo-Yokohama  asthma. 

b. METHODS  AND  MATERIALS  FOR  THE  OBSERVATION: 

The  observation  was  done  mainly  with  regard  to  the 
clinical  symptoms  of  cough, phlegm  production  and  wheezing 
dyspnea  as  well  as  to  the  physical  findings  including 
chest  X-ray  abnormality. 

The  observations  were  performed  on  three  different 
population^.  One  of  them  was  the  out-patients  who  visited 
the  chest  clinic  in  the  Xeio  University  Hospital.  The 
second  was  the  bank  employee  working  in  the  Downtown  of 
Tokyo.  The  third  group  was  the  group  of  employee  of  an 
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110 

52  0 

30 
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Table  26.  Subjects  for  the  study 
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Fig. 28.  Effects  of  long-term  cigarette  smoking 
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Table  30*  Incidence  of  bronchitis  in  a  bank  located  in  Downtown 
Tokyo. 


month 

no, of  total 
patients 

no, of  patients  with 
airway  irritation 

no, of  patients  with 
lower  airway  irrita¬ 
tion 

AUG  35” 

38 

§ 

2 

SEPT 

49 

8 

5 

OCT 

44 

18 

15 

NOV 

62 

14 

12 

DEC 

60 

2  6 

16 

JAN  *67 

59 

29 

22 

FEB 

59 

32 

18 

MAR 

68 

18 

o 

APR 

48 

10 

4 

MAY 

48 

8 

6 

JUN 

38 

8 

2 

JUL 

42 

11 

2 

AUG 

48 

10 

SEPT 

59 

14 

5 

0CT3 

72 

16 

10 

NOV 

64 

34 

8 

DEC 

78 

32 

22 

JAN* 68 

54 

24 

18 

FEB 

48 

22 

17 

MAR 

52 

18 

12 

APR 

42 

19 

5 

MAY 

44 

8 

3 

JUN 

46 

8 

4 

Figures  in  the  table  designate  the  mean  numbers  per  day 
in  the  corresponding  month. 
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semi -governmental  firm  located  also  in  the  Downtown  Tokyo. 
c. RESULTS  OF  THE  OBSERVATION; 

At  the  chest  clinic  of  the  Keio  University  Hospital 
we  have  calculated  tho  numbers  of  outpatients  on  any  particular 
date  in  summer  and  in  winter  seasons.  The  patients  were 
classified  into  five  groups,  such  as  bronchitis, chronic 
pulmonary  emphysema, bronchial  asthma, pulmonary  tuberculosis 
and  others.  The  percentage  of  these  classified  patients 
is  shown  in  Table  30.  One  can  see  the  high  incidence 
of  bronchitis  in  winter  season.  This  observation  was  done 
on  the  unlimited  population  and  therefore  it  may  be  unable 
to  give  any  definite  conclusion. 

We  had  an  opportunity  to  continue  some  clinical 
observation  on  the  Incidence  of  bronchitis  on  the  bank 
employee.  The  observation  was  performed  in  terms  of  the 
incidence  of  symptoms  of  the  airway  irritation  on  the  limited 
population  of  approximately  2500  starting  from  August  ’66 
thru  June  ’68.  During  this  period  of  observation  the 
office  building  of  the  bank  was  moved  to  the  new  location 
in  the  Downtown  Tokyo,  where  the  air  pollution  was  much 
worse  than  its  original  location.  This  allowed  us  to 
compare  the  data  with  regard  to  the  effects  of  air 
pollution  cn  the  sane  limited  population  at  different  lo¬ 
cation.  The  observation  was  made  basing  upon  the 
patients’  subjective  symptoms  as  well  as  their  physical 
findings.  To  avoid  the  possible  difference  of  the 
physician’s  individual  Impression  the  observation  was  done 
only  by  one  chest  physician,  Dr. Yckoyama.  He  picked  up 
the  subjects  out  of  all  the  patients  visited  at  his  office 
on  a  limited  day  of  the  week.  The  patients  with  airway 
irritation  were  divided  into  two  groups  with  regard  to 
their  physical  findings,  namely  the  upper  airway  irrita¬ 
tion  with  or  without  the  lower  airway  Irritation — the 
bronchitis*  The  patients  with  acute,  subacute  and  chronic 
bronchite  were  included  in  the  latrer  group.  Total 
numbers  of  the  patients,  numbers  of  patients  complaining 
the  symptoms  of  the  airway  irritation,  such  as  sorouhorat, 
cougn,  nasal  secretion, etc. ,  were  noted.  The  numbers  of 
patients  with  airway  irritation  was  divided  into  two  groups 
as  mentioned  above.  The  patients  demonstrated  the  evidence, 
such  as  nocturnal  cough  and  sputum  prtduc  ;ion  as  well  as  any 
physical  findings  of  bronchial  rale,  were  classified  as 
the  subjects  of  the  lower  airway  irritation. 

We  could  not  expect  much  significance  on  the  absolute 
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Table  31  •  Dally  fluctuation  of  the  incidence  of  bronchitic 
on  the  bank-population 


date 

no. of  total 
patients 

no. of  patients  with 
airway  Irritation 

no. of  patients  with 
lower  airway  irri¬ 
tation 

J  — 

5 

44 

9 

#7 

12 

61 

28 

16 

19 

36 

19 

8 

26 

51 

32 

13 

subtotal 

192 

88 

44 

mean 

$8 

22 

11 

JUN. *68 

3 

44 

4 

0 

10 

52 

10 

8 

17 

48 

6 

4 

24 

40 

12 

4 

subtotal 

184" 

3? 

1 6 

mean 

46 

8 

4 

Figures  in  the  table  designate  the  jli/Mji/ numbers  of  corresponding 
patients  on  the  particular  date. 
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numbers  of  this  bronchitic  patients  because  in  this  present 
study  wo  did  not  repeated  the  interview  on  the  whole 
population  concerned  actively.  But  upon  reviewing  the 
data  one  can  easily  find  the  general  tendency  of  the  seasonal 
changes  of  the  incidence  of  symptoms  of  airway  irritation. 

It  was  low  in  summer  and  started  to  increase  in  September 
or  October  maintaining  higher  incidence  through  the  winter 
seasons.  The  numbers  of  patients  accompanied  by  the  lower 
airway  Irritation,  even  during  the  winter  seasons,  revealed 
significant  fluctuation.  This  fluctuation  was  directly 
related  neither  to  the  low  environmental  temperature  nor 
to  the  temperature  changes  although  the  incidence  of 
patients  with  the  upper  airway  irritation  vas  somehow 
related  to  the  low  environmental  temperature. 

We  took  the  ratio  of  the  numbers  of  patients  with  the 
lower-airway  irritation  to  those  with  the  upper  and/or 
lower  airway  irritation.  Although  this  ratio  revealed 
significant  day-by-day  fluctuation  it  was  consistently 
higher  in  average  during  the  winter  seasons  than  that 
during  the  summer  seasons. 

It  seems  difficult  at  this  present  stage  of  analysis 
to  discuss  this  higher  incidence  in  connection  with  the 
environmental  air  pollution.  But  as  shown  in  Table  31 
the  incidence  cf  bronchitic  patients  in  December  6? » January 
and  February  -66  appeared  somewhat  higher  as  compared 
with  those  in  the  winterseasen  of  766— "67.  This  might 
possibly  related  with  the  change  of  the  location  of  the 
bank  office  to  the  mere  air-polluted  area. 

The  patients  were  not  always  the  cigarette  smokers. 

The  relationship  between  the  incidence  of  airway  irritation 
and  the  smoking  habit  was  not  quite  significant.  It  may  be 
interesting  tc  compare  the  data  in  the  winter  season  of  '67 
with  that  of  '68  because  the  office  building  of  the  bank 
moved  in  into  the  more-air-polluted  area  in  October'67.  We 
have  picked  up  at  randomly  each  12  days,  namely  three  days 
from  Nov, , Dec. ,  Jan. ,  ar.d  Feb,,  in  each  winter  seasons  of 
•  66- * 67  and  of  '67-68.  Every  12  samples  were  given  the 
serial  number  at  random  so  that  each  lays  picked  up  from 
two  winter  sensors  made  up  12  couples.  Hie  ratio  of 
numbers  of  patients  complained  airway  irritation  and  the 
total  numbers  of  patients  as  well  as  the  ratio  of  numbers 
of  patients  with  the  epnei  airway  irritation  vs. the  upper 
and/or  lower  airway  irritation  were  compared  on  each 
couples.  The  statistical  analysis  of  these  data  Indicated 
the  consistent  Increase  In  the  ratio  in  the  winter  season 
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Fig. fc?.  Incidence  of  bronchitis (aoute )  in  a 
seni-governnental  fir*  looated  in  the  Down¬ 
town  Tokyo.  Observation  was  continued 
froa  1963  thru  1966. 
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of' 670’ 68. as  compared  with  that  of  *66-67.  The 
ratio  of  the  lower  airway  irritation  to  the  upper  and/or 
lower  airway  irritation  was  significantly  higher  in  the 
winter  season  of* 67-* 68  than  that  in  '66-’ 67. 

The  samples  obtained  on  any  windy  days  were  compared 
with  that  on  any  cloudy, smoggy  days.  Each  15  days  to  meet 
these  conditions  were  picked  up  at  random  and  the  overmen¬ 
tioned  ratioes  were  compared  on  each  couples.  Thus  we 
found  on  the  cloudy  days  tho  numbers  of  patients  with  lower 
airway  Irritation  was  more  profound  than  those  on  the 
windy  days. 

The  background  data  concerning  the  cigarette  smoking 
on  this  particular  population  was  taken  from  the  subjects 
picked  up  at  randomly  out  of  the  particular  population 
when  they  visited  the  clinic  on  any  reason.  These  control 
subjects  and  the  patients  complaining  symptoms  of  the 
airway  irritation  were  divided  into  five  groups  with 
regard  to  their  smoking  habits, namely, A)  the "heavy  smokers" 
consuming  20  or  more  cigarettes  daily, B)  the "cigarette 
smokers"  consuming  less  than  20  cigarettes  dally, C)  the 
"ex-smokers",  who  quitted  cigarette  smoking  although  he 
smoke  cigarettes  previously,  andE)  the"non-smckers". 

Statistical  analysis  was  performed  on  the  incidence 
of  airway  irritation  with  regard  to  the  habit  of  cigarette 
smoking.  As  shown  in  the  table  it  was  not  able  to  damonstrate 
statistically  any  clear-cut  relations  between  those  two 
factors,  namely  the  incidence  of  air’way  irritation  and  the 
habit  of  cigarette  smoking. 

The  clinical  observation  was  also  done  on  the  Incidence 
of  bronchitis  at  the  other  semi-governmental  firm  having 
the  population  of  II85.  The  accumulated  data  collected 
during  1963~1966  are  shown  in  Fig. 47.  The  accumulated 
number  of  bronchitic  patients  in  each  month  is  shown. 

The  incidence  of  bronchitis  is  lowest  in  August  and  starts 
increase  in  September  maintaining  high  incidence  until 
April.  Thfcfc  series  of  observation  was  conducted  by 
Dr.MitsufuJi. 

What  was  significant  statistically  in  these  series 
of  observations  was  the  higher  incidence  of  bronchitic 
patients  in  every  winter  season.  Signlflannt  dally 
fluctuations  in  the  incidence  as  well  as  in  the  ratio 
wer-"  observed  oy*n  during  the  winter  season.  This 
fluctuation  was  not  related  significantly  to  the 
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environmental  air  temperature.  The  ratio  of  lower  airway 
irritation  indicated  something  interesting  in  the  clinical 
survey. 

The  quantitative  analysis  of  air-pollutant  was  not  done 
in  this  present  study  so  that  it  is  difficult  to  discuss  it 
definitely  at  this  present  stage  of  the  study  in 
relation  to  the  environmental  air  pollution.  But  it  is 
quite  suggestive  that  this  higher  incidence  of  bronchitis 
in  winter  seasons  is  related  to  the  environmental  air  pollution. 


10.  THE  FINAL  COMMENT s 

The  proposed  investigations  on  the  effects  of  air 
pollution  among  Japanese  civillian  population  were  conducted 
mainly  focusing  upon  the  pulmonary  physiology.  What  we 
have  found  will  be  summarized  in  the  following  comments: 

a)  METHODS  FOR  DETECTING  THE  OBSTRUCTIVE  VENTILATORY 
IMPAIRMENT : 


The  spirography,  which  is  routinely  used  for  the 
epidemiological  survey  of  the  airborne  bronchitis,  is  not 
sensitive  enough  to  detect  any  minor  changes.  FEV1$, 
for  example,  has  revealed  some  unavoidable  error  including 
any  subjects’  individual  difference.  Theefore  we  have 
given  the  5$  rejection  limit  for  FSVl^  in  addition  to  its 
mathematical  mean.  If  we  take  this  5%  rejection  limit 
for  the  diagnostic  ciiteria  the  sensitivity  6f  FEV'l^  for 
detecting  minor  airway  obstruction  might  be  spoiled. 

The  best  measure  to  detect  this  minor  changes 
in  the  airway  would  be  the  specific  airway  conductance 
measured  by  the  bcdy-plethysmographic  method. 

b)  ARTERIAL  ALVEOLAR  NITROGEN  TENSION  DIFFERENCE  TO  DETECT 
THE  IMAIRED  VENTILATION- PERFUSION  RELATIONSHIPS  IN 
BRONCHITIC  PATIENTS ; 

The  impaired  alveolar  gas  exchange  probably  due  to 
airway  obstruction  in  the  bronchitics  were  demonstrated. 
The  carbon  monoxide  pulmonary  diffusing  capacity  may 
routinely  be  used  to  detect  the  impaired  overall 
alveolar  gas  exchange. 
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We  have  shown  the  significance  of  this  arterial (  or 
urinary ) -alveolar  nitrogen  tension  difference  and  also  have 
proposed  the  possible  availability  of  this  arterial 
alveolar  nitrogen  tension  difference  for  the  pulmonary 
function  survey  on  the  airborne  pulmonary  diseases.  This 
parameter  was  found  more  sensitive  than  FEV1$. 

The  authors  are  to  emphasize  the  physiological 
significance  as  well  as  the  diagnostic  Importance  of  the 
proposed  impairment  of  alveolar  gas  exchange  seen  in  the 
bronchitic  patients. 

c)  THE  FLUCTUATING  INCIDENCE  OF  AIRBRONE  BRONCHITIS? 

The  year-round  clinical  observations  on  the  limited 
population  working  in  the  Downtown  Tokyo  revealed  high 
incidence  of  bronchitis  in  the  winter  season.  These 
bronchitic  patients  did  not  complained  any  similar  signs 
and.  symptoms  with  those  found  in  patients  accompanied 
by  Tokyo-Yckohama  asthma. 

Nc  evidence  of  showing  any  particular  relationships 
with  the  cigarette  smoking  was  found  among  these 
bronchitic  patients. 
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STATISTICAL  ANALYSIS  OF  Thl.  MEAN 
OF  ANNUAL  VENTILATORY  CHANGES 
PULMONARY  DISEASE  vs.  NORMAL 


emphysema 

fibrosis 

V  c 

-F 

— 

1  c 

-+* 

" 

ERV 

-h 

MW 

— 

FEVi 

— - 

— 

FEVl'n 

— 

■f  ;  significant  at  !>  ',  level 
—  ;  nonsignificant 


Table  33.  Coaparlson  of  the  annual  ventilatory 
ohangea  of  the  chest  patients  with  those  of  the 
noraal  healthy. 


ANNUAL  VENTILATORY  CHANGES 

Male  ;  Ht  165  cm.  WI.60  kf! 


— - - 1  ■ 

norm  a  1  !t»mphysem;i  |  fibrosis 

V  CM.) 

MW  (L/mm.) 

FEVl  (L/sec  ) 

F  FVi ( ", ) 

-  0.0  2  —  0. 1  2  -  0.07 

i  .4  — - 

-FIT  -  2  f>  '  -  2  2 

•- . -  i  f  - 

-  0.0 ;>  —  0.07  -  0.02 

-  I  .0  —  0.0  |  +  0.5 

_ ] _  _ L. 

Table  34.  Annual  ventilatory  changes  represented 
as  the  standard  Japanese  subject. 
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Table  35 •  Ventilatory  functions  among  338  cases  with 
chronic  bronchitis 


VENTILATORY  FUNCTIONS 

NO. OF  CASES 

%  INCIDENCE 

normal 

102 

31 

restrictive 

impairment 

41 

12 

combined  impairment 

106 

31 

obstructive 

impairment 

89 

26 

total 


338 


100 


%$*&*  'P 


36. 

Table  tk  Incidence  of  bronchitis  and  cigarette  smoking(l) 
APRIL-UNE, *67 


lower  airway 
Irritation 

upper  airway 
Irritation 

without 

Irritation 

heavy 

smokers 

8 

6 

12 

smokers 

4 

8 

14 

ex-smokers 

2 

5 

9 

non-smokers 

12 

19 

23 

total 

26 

_ 28 _ 

_ IS _ _ 

Table  29.  Incidence  of  bronchitis  and  cigarette  smoklng(2) 
SEPT a -DEC. *67 


lower  airway 
Irritation 

upper  airway 
irritation 

without 

Irritation 

heavy 

smokers 

12 

9 

6 

smokers 

7 

4 

8 

ex-smokers 

5 

6 

8 

non-smokers 

24 

14 

8 

total 

48 

_ .21, 

_ 22 _ 
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a  abstract  4 

*  The  pulmonary  function  studies  included:  a.  tne  asseataent  of  the  spirometry 
J  and  the  mechanics  of  breathing  repeatedly  done  on  the  limited  population. 

b.  the  baseline  studies  on  the  routine  pulmonary  function  tests. 

c.  some  fundamental  observations  of  the  airway  resistance,  the  AaD  and  of  CO 
pulmonary  diffusing  capacity  on  the  cases  of  normal  healthy  as  well  as  of  chronic 
pulmonary  diseases. 

d.  effects  of  brcnchodilator  and  of  cigarette  smoking  on  the  ventilatory  capacity 
and  on  the  alveolar  gas  exchange. 

The  year-round  clinical  observations  were  performed  on  the  population  with 
regard  to  the  incidence  of  bronchitics  and  the  correlation  of  thia  incidence  with 
the  cigarette  smoking  habit.  (Author) 


DD  1473 


Unclassified 

Security  fluriflaHn* 


Air  pciiutior. 
Respiratory  diseases 
PoLaonary  function  tes 
Coaputor  analysis 
Japan 


